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ABSTRACT

South Davis Sewer District Pump Station Hydraulic Capacity Evaluation

by

James Dixon, Master of Science
Utah State University, 2011

Major Professor: Dr. Gilberto Urroz
Department: Civil and Environmental Engineering

In 2010, South Davis Sewer District (SDSD) determined that possible hydraulic
problems existed in their various pump stations operating within their treatment plants. A
hydraulic analysis was conducted for the pump stations to diagnose the problems and
provide possible alternative solutions. This analysis was conducted by using hydraulic
minor loss equations to determine the amount of flow that the pumps were capable of
producing and then comparing those results to the required demands in the plants. In
cases where the flows were lower than needed, alternatives were designed to provide the
required flows.
In the south plant the pumps were capable of meeting the hydraulic needs of the
plant. However, in the north plant, the pump stations were far under capacity and
alternative designs were provided. It was recommended that the first pump station add a
fifth pump in order to generate the extra capacity needed while the second station would
have their pumps replaced with new pumps capable of providing a slightly larger flow

capacity. It was also recommended that SDSD review other areas of treatments and
hydraulics that may have been causing additional problems.
(165 pages)

***DISCLAIMER***

The designs proposed in this report were produced by James Dixon while working
for the South Davis Sewer District during the Summer of 2010 and are his and the South
Davis Sewer District own intellectual property. Utah State University does not endorse
any of the designs detailed herein nor any of the brand-name equipment shown in this
report. Utah State University is not responsible for any liability that may result from the
implementation of the designs presented in this report.

PREFACE

This report was produced by James Dixon, while working for the South Davis
Sewer District (SDSD) during the Summer of 2010. The study reported herein was
aimed at improving the performance of the sewage pumping stations located in the south
and north plants of SDSD. All work found herein, unless otherwise stated, was
conducted personally by James Dixon under the direct supervision of the district’s
licensed engineer, Matthew Myers.
James Dixon

South Davis Sewer District
Pump Station Hydraulic
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North Plant
Pump Stations 1 & 2
&
South Plant
Main, Intermediate & Secondary Pump Stations
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James Dixon
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Executive Summary
The South Davis Sewer District (SDSD) North Treatment Plant has been experiencing capacity
challenges in its influent pump station during sustained wet weather events. As a result, SDSD
decided to initiate a system analysis of this pump station as well as its four other treatment
plant pumping stations. All systems analyzed are listed below.






North Plant Pump Station 1 (NP‐PS1)
North Plant Pump Station 2 (NP‐PS2)
South Plant Primary Pump Station (SP‐PS1)
South Plant Intermediate Pump Station (SP‐PS2)
South Plant Secondary Pump Station (SP‐PS3)

To determine the existing system analyses and to look at possible alternatives for increasing the
pump station capacities, models were created using head loss equations. These models, when
compared to the pump curves of the existing pumps, helped to show which systems were not
capable of pumping the design flows.
North Plant
In order to determine any necessary upgrades in the north plant to meet the influent
design flow of 24 mgd (16666.7 gpm) plus recirculated flows, five alternatives (not
including the existing system) were modeled in NP‐PS1. The first three were designed
to meet the design criteria while the last two were chosen as possible smaller upgrades.
While these upgrades do not meet the design capacities, they would raise the capacity
of the plant without requiring the higher costs that seem to be requisite with the other
alternatives. However, Alternative 4 would be preferred because less labor may be
required in the upgrade and would provide an increased pumping capacity of 28 mgd
(19444 gpm) which meets the design criteria.
In NP‐PS2, five alternatives (not including the existing system) were chosen and, again,
the first three were selected to meet capacity while the last two were chosen as a less
costly alternative. Alternative 5 would be preferred due to the smaller amount of labor
that may be required to complete the upgrade as well as using smaller sized pumps that
would be less costly to run and would provide a pumping capacity of 27.75 mgd (19270
gpm). While this does not reach the required 31.5 mgd, it would be a large increase
from what is currently in place and may be sufficient for the needs of SDSD.
It was also noted that upgrades at each process of the north plant may be needed in
order to rectify all hydraulic issues limiting the capacity of the existing system. Should
the elevation at any of the treatment processes or distribution boxes be raised, a review
of the pump stations will be required in order to ensure its continued operation.
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Should all the abovementioned upgrades be performed in the North Plant, it is believed
that the capacity of the South Davis Sewer District north plant could be substantially
increased while still maintaining the recirculated flows.
South Plant
At the south plant, a much smaller amount of flow must be treated and the design flow
only calls for an influent of 6 mgd (4166.7 gpm). Analysis was much simpler because the
required capacity was already being met and there was no need for upgrades. Because
of this, only the existing systems were considered as alternatives and any upgrades were
dismissed.
SP‐PS1, was found to have a capacity of 7.22 mgd (5013.9 gpm) and requires no
replacements or improvements.
The capacity of the Intermediate Pump Station, SP‐PS2, was found to be 11 mgd (7638.9
gpm). Again, no improvements are needed.
At the secondary pump station, SP‐PS3, the capacity was found to be 7.2 mgd (5000
gpm) and, as with the other stations, was well within the needed hydraulic capacity. No
change is needed to meet capacity.
It has been recommended that no improvements or changes be made to the south plant
pump stations because they are fully capable of hydraulically handling the influent
flows. The south plant should be reviewed however to determine if any bottlenecks in
the treatment components exist in the system that could pose a problem not located in
the pump stations.
Conclusions
It has been determined that while larger upgrades are needed in NP‐PS1 and NP‐PS2, the south
plant pump stations are capable of handling the required design flows in their current setup. If
the upgrades recommended above are performed, it has also been determined that the capacity
could be raised substantially in the north plant although design flows would not be reached.
In the case of both plants, it must be noted, however, that treatment in the south plant and
internal plant hydraulics in the north plant, are both bottlenecks that could cause the system to
fail even though the hydraulic capacity of the pump stations has been increased to handle
higher flows. These problems should be reviewed prior to the implementation of any upgrades
in the system.
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Table 1.1: Summary of Alternatives for each pump station discussed in this report
Summary of Alternatives
Number of New
Pumps
Required

Capacity w/o
Standby
(mgd)

50 / 60

10 / 10
14 / 14

‐

20.25

$0.00

$606,394.99

$606,394.99

140

16 / 14

4

30.75

$332,325.00

$1,196,005.51

$1,528,330.51

90

20 / 16

4

30.25

$515,655.00

$1,079,298.42

$1,594,953.42

60 / 85

14 / 14
16 / 14

2

28

$144,112.50

$920,394.03

$1,064,506.53

70

16 / 14

4

24.75

$281,295.00

$919,288.67

$1,200,583.67

60

20 / 16

4

23.5

$493,605.00

$794,067.14

$1,287,672.14

50 / 60

10 / 10
14 / 14

‐

21

$0.00

$612,521.72

$612,521.72

170

24 / 20

4

36

$556,290.00

$1,348,873.12

$1,905,163.12

185

24 / 20

4

39.75

$656,460.00

$1,674,157.61

$2,330,617.61

250

24 / 20

3

34.5

$519,277.50

$1,710,209.67

$2,229,487.17

85

16 / 14

4

27.75

$274,995.00

$1,189,441.51

$1,464,436.51

60

20 / 16

4

24

$477,855.00

$736,812.34

$1,214,667.34

40
NA
30

6/6
10 / 8
8/8

‐
‐
‐

7.18
10.7
7.2

NA
NA
NA

NA
NA
NA

NA
NA
NA

Hp
NP‐PS1 Alternative 1:
Existing System
NP‐PS1 Alternative 2:
Four that Fit
NP‐PS1 Alternative 3:
Four that Squeeze
NP‐PS1 Alternative 4:
Five Pump System
NP‐PS1 Alternative 5:
Lower Cost Four that Fit
NP‐PS1 Alternative 6:
Lower Cost Four that Squeeze
NP‐PS2 Alternative 1:
Existing System
NP‐PS2 Alternative 2:
Four that Fit
NP‐PS2 Alternative 3:
Four that Squeeze
NP‐PS2 Alternative 4:
Three Big Pumps
NP‐PS2 Alternative 5:
Lower Cost Four that Fit
NP‐PS2 Alternative 6:
Lower Cost Four that Squeeze
SP‐PS1: Existing System
SP‐PS2: Existing System
SP‐PS3: Existing System

Inlet / Outlet
(in.)

Capital Costs

O&M Costs

Total Costs
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1.0 Introduction
This report was created in order to analyze the existing hydraulic flow capacity of all five
operating pump stations of the South Davis Sewer District (SDSD). These stations include: Pump
Station 1 (NP‐PS1) and Pump Station 2 (NP‐PS2) at the North Plant as well as the Main Pump
Station (SP‐PS1), Intermediate Pump Station (SP‐PS2), and Secondary Pump Station (SP‐PS3) at
the South Plant. Because a pump analysis has never been conducted by SDSD before, this
report will also serve as a guide and template for future studies as well.
1.1 Historical Background
In 1959, the South Davis Sewer District was established to provide wastewater treatment for
five local cities: Bountiful, Centerville, North Salt Lake, West Bountiful and Woods Cross. Two
plants were established to handle the flows with the northern plant being the larger of the two.
At the north plant, which serves the northern drainage basin, two pump stations were built to
carry the flows up to the various treatment systems. These stations were creatively named
Pump Stations 1 and 2. NP‐PS1 was designed to carry all incoming flows up to the primary
clarifiers while NP‐PS2 was to be an intermediate pump system and lift the flows up to the final
clarifiers. Each station was built with two 50 hp pumps and an additional smaller pump to
handle lower flows. Space was also left with the intention of adding an additional pump in the
future as the need arose.
It was not until 1988 that a
plant expansion would take
place at the north plant. In this
expansion, an additional pump
was added and some of the old
pumps removed to
accommodate the growing
demand from the cities. At the
time, the smaller pump was
removed and two 60 hp pumps
were added to increase the
pumping capacity of the plant.
These pumps were to work
along with the two existing 50
hp pumps so that the four
pumps could handle a peak
design flow of 24 mgd of
influent. Only a few years later, one of the 50 hp pumps was removed to accommodate a third
60 hp pump at each of the stations.
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At the South Plant, three pump stations were created to serve the southern drainage basin. The
stations consist of a primary pump station which pumps the initial influent up to the primary
clarifiers, an intermediate pump station where water is pumped up to the intermediate clarifier
and the secondary pump station where water is lifted to the final clarifiers.
Similar to the situation at the north plant, the south plant did not receive any upgrades until
1992, where some of the pumps were replaced to compensate for increasing flows. Currently,
SP‐PS1 continues to use the original 40 hp pumps that were placed there, SP‐PS3 has had all its
pumps replaced with 30 hp pumps and SP‐PS2 has more recently had its pumps replaced with
different pumps.
1.2 Problem Description:
South Davis Sewer District houses two plants in order to handle the local wastewater. At the
north plant, all incoming flows meet at Pump Station 1 (NP‐PS1), where they are lifted over 20
ft. to the clarifiers. A small wet well exists, but does not allow for much storage which forces the
pumps to operate near incoming flows. In order to meet the flow demand, four pumps are
operated. However, periodically, the District receives large flows into their north plant due to a
heavy spring runoff. On one occasion, 18 mgd (12500 gpm) of influent flow was observed and
areas near the tail‐end of the plant began to flood. The plant was originally designed to handle
a 24 mgd (16666.7 gpm) peak flow yet even at 18 mgd the operators still experience difficulty in
keeping up with the incoming flow. Due to this fact, it was determined that a hydraulic analysis
of the two pump stations should be conducted in order to determine whether the stations were
in need of an upgrade or whether the problem came from some other source. It was also
decided that an analysis of the south plant pump stations be conducted as well to determine the
possibility of similar problems.
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South Davis Sewer District - North Plant
2.0 System Description
2.1 Pump Station 1 Layout
Wastewater enters NP‐PS1 by way of a Parshall flume before entering the wet well. The flow
then passes through one of four rounded 16 in. pipes, before being reduced to the correct pump
size, and enters one of four pumps. Three of the pumps are identical 60 hp pumps and the
fourth is a single 50 hp pump to handle lower flows. A variable frequency drive (VFD) is set up
so that any one of the pumps can be operated at lower speeds and thus, lower flows. Following
the pumps, the pipe is then expanded to 18 in. in order to accommodate the existing valves and
then expanded again in order to connect to the 30 in. manifold. Finally, the 30 in. pipe then
travels roughly 90 ft. and rises nearly 25 ft. before entering the clarifiers.

Design peak flows in NP‐PS1 were reported to be 24 mgd although an additional 3.3 mgd come
from recirculated flows that are unaccounted for otherwise. This brings the total amount that
must be pumped to about 27.3 mgd.
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24 mgd
Influent Flow

NP‐PS1 Layout
50

16 in. Gate
Valve

50 hp or 60
hp Pump

18 in. Swing
Check Valve

18x30
Increaser

60

Decreaser

Increaser

18 in. Gate
Valve

60

60

3.3 mgd
Recirculated

Total Flow to
Primary Clarifiers
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South Davis Sewer District - North Plant
2.2 Pump Station 2 Layout
While NP‐PS1 and NP‐PS2 are very similar in setup, there are a few intrinsic differences in NP‐
PS2 that must be noted before an analysis can be done. NP‐PS2 is an intermediate station and
lies between the trickling filters and the final clarifiers of the north plant. Flows enter NP‐PS2
through one of four rounded 20 in. pipes and are then reduced down to the respective pump
size. As in NP‐PS1, three identical 60 hp
pumps exist with a single 50 hp pump
to handle lower flows. Again, the
pumps are identical in sizing to the
pumps in NP‐PS1 and a VFD allows any
one of the pumps to operate at lower
speeds. After the pumps, the pipe
expands into a manifold and is later
increased into a 30 in. pipe. This pipe
travels a little over 300 ft. before
entering the final clarifiers.
The design peak flow in NP‐PS2 remains
at 24 mgd (16666.7 gpm) with the
additional 3.3 mgd of recirculated flows
from the system. However, another
additional 3.5 mgd (2430.6 gpm) is also
recirculated from the trickling filters
leaving the total pumped amount at 30.8
mgd (21388.9 gpm). One of the benefits
at NP‐PS2 is that the amount of head that
must be pumped is slightly less which
helps to alleviate some of the head that
the pumps must produce.
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24 mgd
Influent Flow

NP‐PS2 Layout
50

20 in. Gate
Valve

50 hp or 60
hp Pump

18 in. Swing
Check Valve

18x30
Increaser

60

Decreaser

Increaser

18 in. Gate
Valve

60

60

3.5 mgd
Recirculated

Total Flow to
Primary Clarifiers
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South Davis Sewer District - North Plant
2.6 Summary of North Plant General Design
The table below divides the plant data into two sections, the actual design and the observed
data. In comparing these two sets of data, it is possible to see whether the observed flows are
reaching the amounts for which the plant was designed.
Table 2.1: North Plant Design and Observed Data
North Plant Design Data
Design Parameters
North Plant General
Avg. Daily Flow (mgd/gpm)
Peak Hour Flow (mgd/gpm)
Inplant Return Flow (mgd/gpm)

12 / 8300
24 / 16700
12 / 8300

#60 hp Pumps/gpm
#50 hp Pumps/gpm
Combined Pumping Capacity
(mgd/gpm)
North Plant Observed Data
Item
Avg. Dry Weather Flow
(mgd/gpm)
(based only on effluent and
not on influent flows to the
pump stations)
(Oct. – Mar.)
Avg. Wet Weather Flow
(mgd/gpm)
(based only on effluent and
not on influent flows to the
pump stations)
(Apr. – Sept.)
Peak Hour (mgd/gpm)
(based on effluent and not on
influent flows to the pump
stations)

NP‐PS1

NP‐PS2

2 / 6000
2 / 3300

2 / 6000
2 / 3300

26.8 / 18600

26.8 / 18600

NP Data 2007

7.1 / 4900

7.4 / 5100

15 / 10400

NP Data 2008

7.3 / 5100

7.5 / 5200

15 / 10400

NP Data 2009

Description

7.5 / 5200

The average of the daily
flows sustained during
dry‐weather periods
with limited infiltration

8.5 / 5900

The average of the daily
flows sustained during
wet‐weather periods
when infiltration is a
factor

15 / 10400

The average of the peak
flows sustained for a
period of 1 hour in the
record examined
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3.0 Existing System Analysis
In order to complete an analysis of the existing system and to verify the current capacity that
may be handled, a spreadsheet model was created by using hydraulic methods and equations
outlined in greater detail in Appendix A.
3.1 Data Gathering
Data was collected by using various methods in order to create the most accurate model
possible. The original 1960 construction plans were compared against the later 1988 expansion
plans to determine materials used as well as accurate hydraulic dimensions. Pump curves for
the existing pumps from the same time periods were also located and evaluated.
After locating the details of the plant and its design, flow values were taken from recorded data
using the existing Parshall flume and totalizer for the plant. These values were then checked
against several archived pen charts from 2004 to 2010 to determine the accuracy of the
recorded influent values.
Because the automated valve system to control the recirculated flow is no longer operable, the
valves are left open and only operated manually. As a result, the recirculated flows for the plant
are dictated solely by the amount of head available to push flows through them. Pen charts
showed these values to peak at an average of about 3.3 mgd for recirculated flows from the
final clarifiers and the flows from the trickling filters are maintained at 3.5 mgd. Because these
flows are not accounted for in the Parshall flume, they were manually accounted for in the
model.
Several hydraulic design references, such as Pumping Station Design (Sanks, 1989) and
Advanced Water Distribution Modeling and Management (Haestad, 2003), were used and
various coefficients and common values were taken from them to help maintain accuracy in the
calculations
3.2 Pump Curve
Before attempting to model the existing system, it was necessary to recreate the pump curves in
order to calculate the curve equation. By finding this equation, values could be found on the
curve without the use of interpolation or excessive amounts of manually located points.
After the curves were put into the
spreadsheet and the curves calculated,
they were added in various parallel
combinations. This simplification allowed
for the ability to quickly view the results
of running various specific pumps.
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3.3 System Curve Modeling
In modeling the system curve, a minor loss equation was used to find the needed head values at
a given flow where h is the head produced (total head), ∆El is the distance that the water must
rise by the end of the pipe (static head), and the last term accounts for the minor losses that will
occur throughout the system (dynamic head):

h  El   k

Q2
2 gA 2

 hf

Head (ft.)

This is not to say that the calculated head would be produced at the end of the pipe, but that
the pump would produce the calculated head immediately upon discharge. Then, as the flows
pass through the various valves and other fittings, the heads drop until reaching the needed
head at the end of the pipe. It is also
System Curves of All Alternatives
Head 1 Aurora
important to note that as the flows
70
& 2 A-C Pumps
60
become greater, the amount of head
Head 3 A-C
50
Pumps
that must be produced will also become
40
Head 1 Flygt &
30
2 A-C Pumps
greater.
20
Head 2 Flygt &
1 A-C Pumps
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Values for minor losses were taken from
the given ranges of Pumping Station
Design (Sanks, 1989) and, for lack of better information, the most conservative values were
used. Using the minor loss equation, curves were calculated for each system which show the
various heads that would be needed in order to provide the desired flows.
0

0

5000

10000

15000

Flow (gpm )

20000

25000

30000

Head 1 Flygt &
3 A-C Pumps

3.3.1 Difficulties Encountered in Comparing the Pump and System Curve: Because the
existing system uses a variable frequency drive, pump curves will change at different
speeds. Also, because intermediate curves were not available, only the 885 rpm speed
pump curves were compared to the system curves.
3.3.2 Difficulties Encountered in Modeling the System Curve: Two problems arose
when modeling the system curve for which no solid solution was found. The first arose
when modeling flows through the manifold after the pumps in each station. The second
dealt with simply determining how to divide the flows through each pump.
When modeling the system curve through the manifold, no information on standard
practice for designing manifolds was found and no text could be located that provided
such information. Without further guidance, it was decided that the manifold could be
broken into various tees and elbows. In this way, the flows could be modeled as they
passed through each of the intersections instead of using the manifold as a whole. As a
result, it was also decided that less conservative values should be used when
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considering losses through the manifold so that it would not be weighted as heavily
while other values were left more conservative.
3.3.3 Difficulties Encountered in Calibrating the System Curve: Several of the data
points taken from the pen charts showed that the maximum flows into the plant were
all 15 mgd (10416.7 gpm). The charts that were compared to these values are only
capable of reaching 15 mgd, which caused some difficulty because no reliable maximum
flows could be used to calibrate the model. In recreating the system curve, maximum
flows were assumed to be higher than 15 mgd and the model was calibrated based on
this information. Fortunately, due to a storm event, a value of 18 mgd (12500 gpm)
influent was observed with the flume and this value was checked against the system
curve with positive results.
A large problem was found in the initial design of the treatment plant. In the plant
design, a head was stated for the pump station of 32 ft regardless of which pump was
being used. Because this number does not match the static head, it was determined
that it must refer to the total head. It is also assumed that this head was for the design
flow, but when compared with the model, the values were found to be very different.
The design called for the flows at a specific head, but the flow at this head, when
compared to the pump curves, did not match the design flow. Also, the heads from the
design points marked on the pump curves did not always match what was called for in
the design and, in the table below, both have been noted. Not only do they not match,
but the pump curves for the 60 hp and 50 hp pumps have different design point heads.
This would indicate that, even though they run in parallel, the pumps operate at vastly
different heads.
Due to the confusion caused by the discrepancies in the design values, it was
determined that the model should not be calibrated based on the design data. The
design points were still compared to the curve, but did not provide sufficient reason for
adjusting the curve to fit them.
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Table 3.1: Design and Modeled Heads
Head at NP‐PS1 for 26.78 mgd Pumped Flow (design capacity)
Design / 60 hp Pump Curve /
50 hp Pump Curve (ft.)
Static Head
Dynamic Head
Total Head

24 / 24 / 24
8 / 8 / 17
32 / 32 / 41

Head at NP‐PS2 for 26.78 mgd Pumped Flow (design capacity)
Design / 60 hp Pump Curve /
50 hp Pump Curve (ft.)
Static Head
Dynamic Head
Total Head

21.17 / 21.17 / 21.17
10.83 / 10.83 / 19.83
32 / 32 / 41

Modeled (ft.)
24
16
40

Modeled (ft.)
21.17
19.75
40.92

3.4 System Analysis
Whereas the pump curves help to detail the amount of head that can be produced at a given
flow, the system curve shows the amount of head required for a given flow. Once completed,
the system curves were compared against the pump curves to determine the points of
intersection. Each pump curve corresponds to a specific system curve and the intersection of
the two shows the amount of flow that will be produced when running the corresponding
pumps while still providing the needed head in the line.
It is also important to note that even though multiple pumps may be available, one of these
pumps must be considered a “standby” pump in case any pump should fail. In creating a system
design, it is considered that one pump is acting as the standby and that the largest available
pump should no longer be considered as contributing in the design.
Below are graphs of the pump curves with the calculated system curves. Although the most
conservative values were used, a second system curve was drawn using the least conservative
values to illustrate the range of values that could be calculated if different values were chosen.
In this way, it can be seen whether the conservative assumptions are too strict.
3.4.1 Pump Station 1: In comparing the points of crossing, it was determined that the
highest amount that could possibly be pumped from NP‐PS1 would be approximately
between 20 to 21 mgd (13888.9 and 14583.3 gpm) when a pump is left on standby. As
was stated previously, the plant was designed for a maximum of 24 mgd (16666.7 gpm)
influent, but there should be an additional 3.3 mgd (2292 gpm) that is constantly being
recirculated to aid in the treatment of the influent. Because of this, 27.3 mgd (18958
gpm) might need to be pumped at any given time while somewhere between 20 to 21
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mgd could be pumped. Under these circumstances, the system is entirely unable to
pump the required flows!
Figure 1: NP‐PS1 Pump vs. System Head Curves
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3.4.2 Pump Station 2: While similar to NP‐PS1, the point of crossing for NP‐PS2 resulted
in a larger value between 21 and 21.8 mgd (14583.3 and 15138.9 gpm) being pumped
when one pump is left on standby. After applying recirculated flows, the required flow
came to 30.8 mgd (21388.9 gpm) flow through the pumps. This results in an even bigger
problem than was seen in NP‐PS1 being about 9 mgd under‐capacity!
Figure 2: NP‐PS2 Pump vs. System Head Curve
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Without an upgrade, the only solution under these conditions would be to shut off the
recirculated flow so that only the influent would be pumped. While it is possible that this might
provide a hydraulic solution, treatment may be inhibited which could result in fines for those
treatment levels that are not met.
3.5 Summary of Hydraulic Findings
In the table below, observed flow data from over the last couple years show a steady increase
each year. In reviewing the data of SDSD, it was noted that flows have actually been increasing
recently in part because some of the flow has been bypassed from the south plant. Also, even
though the peak flows are only able to be read up to about 15 mgd, higher flows have been
pumped through the system. 18 mgd flows were observed at one point, so it is very possible
that even higher flows may have occurred than 18 mgd. Basically, the 15 mgd value has been
listed as the maximum flow for years, but it is neither accurate nor does it reflect the actual
peak flow.
Similarly, minimal flows could be attributed to situations when flows may have been shut off or
diverted past the measurement devices. To account for this, an annual average was taken and
considered to be a much more accurate minimum flow.
Table 3.2: Observed North Plant Flows
2007
Avg. Daily Flow
(mgd/gpm)
Peak Hourly Flow
(mgd/gpm)
(based on final effluent
and not on influent to
the pumps)
Minimum Flows
(mgd/gpm)

2008

2009

7.3 / 5100

7.4 / 5100

8.0 / 5600

15 / 10400

15 / 10400

15 / 10400

4.13 / 2900

4.25 / 3000

4.43 / 3100

3.6 3D Analysis
In looking at the pump sizes, a larger pump means a bigger footprint. In NP‐PS1 and NP‐PS2,
space is very limited and any alterations must be made with that in mind. In order to better
understand the effect that a larger pump might have on the available space, simple 3‐D models
were created using SketchUp where pumps could be placed in order to determine whether
certain alternatives could be considered feasible. These models are not considered to be
mechanical or structural drawings, but they provide a rough estimate at what type of space
might be needed. Each pump was added as a block and all fittings were neglected in the models
because only a rough idea was needed in considering possible alternatives.
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Dimensions for the model were taken from the
original 1960 structural and mechanical plans as
well as the 1988 expansion plans. As further
investigation was conducted, it was noted that the
true dimensions of the manifold were not available
and are different from the drawings and plans
mentioned above. Alterations to the model were
made as accurately as possible, however, before an
upgrade is implemented, correct dimensions should
be measured.
When looking at the various alternatives, no in‐depth analysis was completed regarding the
sizing of fittings or valves that might have to be changed in addition to the pumps. Only pipe
sizes and pump sizes were altered and a more thorough investigation into the possibility of
replacing or reusing fittings should be done if an upgrade is considered.
While simple, the 3‐D model created for this analysis proved to be a powerful tool and it was
only after its use that the recommended alternatives were considered to be feasible.
3.7 Cost Analysis
Although a hydraulic analysis showed which alternative could achieve the highest flow, often
the most controlling factor is the amount that each alternative costs. An ideal hydraulic solution
may be found, but if the cost is too high, it becomes impractical and a less expensive solution
must be implemented.
To calculate the cost of each alternative, power rates were taken from the current electric bills.
Because the rates vary throughout the year, a weighted average was taken for both the rate and
demand charges.
Efficiencies were used to find the amount of power that would have to be utilized by the pumps.
Although it is known that the demand charges are not controlled by any single process of the
plants, it was determined that the portion that the pumps contribute to the whole could be
found. For this calculation, it was assumed that, every month, all pumps (with the exclusion of
the one on standby), would activate at some point in the month and it would be this amount
that would be charged.
To determine the number of kwh that would be required for each alternative, average flows
were found for 2009 and a day containing these flows was reviewed. With this “average day”, a
simplified diurnal pattern was created. By determining the flows at each segment of time in this
pattern, the number of pumps needed to maintain those flows was found. The required kwh
were taken from this pattern and costs were then calculated from this new data. Because the
power costs of using a VFD were unavailable, it was assumed that the pumps would be left
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running with a full load during each segment of time. Although this caused the power costs to
appear higher than they actually are, it was decided that it would be close enough for the
comparison of alternatives that this difference would be insignificant.
A more detailed explanation of the cost calculations is included in Appendix A
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4.0 Alternatives
Because the model that was used to review the various alternatives could not be calibrated to
any great extent, it must be noted that all values chosen for coefficients were selected at the
most conservative level. In doing this, operating flows could prove to be much higher than
stated in the alternatives and therefore the numbers produced by the model were regarded as
the worst‐case scenario. It is also for this reason that recommended alternatives were often
chosen even after having fallen slightly below design flows.
In all alternatives that have been considered, one brand of pumps have been used in order to
better compare the differences in alternatives without adding other variables. In addition to
working well in a dry‐pit situation, alternative pumps are all of submersible design which means
that the motor is connected directly to the pump and long drive shafts are not needed. Because
the pumps are connected to the pumps in such a way, pump sizes listed in the alternatives
include the hp required by the motors. It is possible that a non‐submersible pump would be
able to use a variety of motors and energy could be saved by selecting a lower hp‐rating motor.
However, the possibility of lower energy motors was not considered for this study and all power
costs were found under the assumption that the motor listed for each pump model is the motor
that would be used to operate the pumps.
Table 4.1: Pump models that were reviewed in this study
Inlet / Discharge
Pumps Models Reviewed
(in)

hp

50 hp
60 hp

10 / 10
14 / 14

50
60

NP‐PS1 Alternative 2

16 / 14

140

NP‐PS1 Alternative 3

20 / 16

90

NP‐PS1 Alternative 4 &
NP‐PS2 Alternative 5

16 / 14

85

NP‐PS1 Alternative 5

16 / 14

70

NP‐PS1 Alternative 6 &
NP‐PS2 Alternative 6

20 / 16

60

NP‐PS2 Alternative 2

24 / 20

170

NP‐PS2 Alternative 3

24 / 20

185

NP‐PS2 Alternative 4

24 / 20

250

Operating Range
(mgd/gpm)
NA
NA
≈ 2.8 to Duty Point
(1944 to Duty Point)
NA
≈ 2.5 to Duty Point
(1736 to Duty Point)
≈ 2.9 to Duty Point
(2000 to Duty Point)
NA
≈ 5.0 to Duty Point
(3472 to Duty Point)
≈ 5.4 to Duty Point
(3750 to Duty Point)
≈ 4.6 to Duty Point
(3194 to Duty Point)
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4.1 NP‐PS1 Alternatives
In looking at the various alternatives, it was important that the amount of recirculated flow be
increased from the observed amount to provide a greater safety factor. Because of this, the
total recirculated rate was raised to 4 mgd (2777.8 gpm) while the trickling filter recirculation
was left at 3.5 mgd (2430.6 gpm). This increase in recirculated flow brought the total design
flow at NP‐PS1 to 28 mgd (19444.4 gpm).
Another special consideration that was taken into account was the amount of space available in
the current NP‐PS1 building. Inside, all the pumps are located close together and would create
some difficulty should they need to be moved or replaced.
To account for the possible need for an increased capacity, five alternatives were considered
with regard to the hydraulic capacity of NP‐PS1:







Leaving the system as it is currently designed
Four That Fit
Four That Squeeze
Replacing the 50 hp with two larger pumps to create a five pump system
Four That Fit (70 hp)
Four That Squeeze (60 hp)
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4.1.1 Alternative 1 ‐ Existing System:
After modeling the existing
system, the capacity was
determined to be only 20.25
mgd (14062 gpm) when a pump
is left to act as a standby.
Because this is so far below the
desired 28 mgd (18055 gpm), it
is considered a very inadequate
alternative.
Because of the possible error in the model used to determine the current capacity of NP‐
PS2, one option would be to allow the system to continue as it is currently designed even
though the design is far below the desired capacity. This method would cost nothing to
implement and more accurate data could be gathered for a later date.
Figure 3: Alternative 1 Pump vs. System Head Curves
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4.1.2 Alternative 2: Four That Fit
Other than leaving the existing system in operation, the most cost‐effective means of
increasing capacity would be to replace the existing pumps without having to replace
anything else. To accomplish this, it was decided that one alternative would be to find
pumps of the same size but with more capacity.
For the model, a 140 hp pump (1185 rpm) was selected that had nearly the same entrance
and exit sizes as the 60 hp pumps already in use. An identical size could not be selected
because the amount of flow that is needed requires that the inlet be larger than the
discharge of the pump. The 140 hp uses a 16 inch inlet and 14 inch discharge which would
allow for similar fittings to be used in the new installation which cuts down on costs.
However, the 140 hp pump was found to be slightly larger than the 60 hp pumps and quite a
bit taller due to the motor located above the pump. Even with this larger footprint, it was
decided that the pump would likely still fit into the current pump location.
After modeling this change in pump, it was found that the three 140 hp pumps running
together could achieve up to 30.75 mgd (21354 gpm). Alternative 2 is considered to be
adequate because it meets the required demand while requiring little more than replacing
the old pumps with newer models.
Figure 4: Alternative 2 Pump vs. System Head Curves
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4.1.3 Alternative 3: Four That Squeeze
As a slightly different approach
to Alternative 4, it was decided
that a possibly more efficient
pump might be found if a
larger size pump than the
existing pumps were selected.
While the installation of such a
system might be more costly, a
more efficient pump could
save on energy costs and thus
be less expensive in the long term.
A 90 hp pump (705 rpm) was selected, however, instead of using the previously used
fittings, the pumps would have an entrance of 20 in. and a discharge of 16 in. This would
require that the entrance to the wet well be increased and many of the fittings replaced. It
was also determined that if the inlet were increased in size, minor losses could be reduced
and the system could be made more efficient. The difference in pump size was a benefit as
well because the increased size of fittings would eliminate the need for the reducers
currently in place.
The model for Alternative 3 showed a small increase from the previous alternatives and
resulted in 30.25 mgd (21006 gpm). Although the capacity was reached, Alternative 3 is
considered to be an inadequate solution since it would cost so much more to install than
Alternative 2 while still using the same amount of power.
Figure 5: Alternative 3 Pump vs. System Head Curves
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4.1.4 Alternative 4: Five Pump System
In Alternative 4, the staircase would be removed
to allow a greater useable space for the pumps.
In reviewing this possibility, it was noted that
enough space might be left that a fifth pump
could be added. In nearly every alternative, four
pumps were able to handle the design flows and it
was only after one was left as a standby that they
became unable to meet the capacity required by the design. By adding a fifth pump, all four
pumps could be used and greater capacity more easily achieved.
Although the smallest replacement, a 85 hp pump (880 rpm) was selected to replace the
existing 50 hp and one of the 60 hp pumps. It would use the same fittings and only increase
the footprint by about 4 in. on each side although it would only be 2‐3 ft. taller than the
existing 60 hp pumps. The benefit to this would be that all the pumps could be left when
they are currently in use and their same fittings used without the need for replacement.
Also, the manifold would not need replacement as it could simply be expanded and a single
hole punched into the wet well to serve as an inlet to the pump.
This model proved to be very successful in all regards. The three 60 hp pumps and single 85
hp pump could produce 28 mgd (19444 gpm). This alternative would create the needed
capacity of the plant as well as requiring less construction to be done. One disadvantage to
this alternative is that the existing pumps are already so worn that they may not be capable
of continuing for long at the current demands being placed on them. It is recommended
that Alternative 4 be implemented in order to increase plant capacity in NP‐PS1 in spite of
the fact that the pumps may need to be replaced.
Figure 6: Alternative 4 Pump vs. System Head Curves
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4.1.5 Alternative 5: Four That Fit (70 hp)
The idea behind Alternative 5 is very similar to that of Alternative 2. However, it was
decided that to reach the design point might be asking too much. Therefore, in this
alternative, a 70 hp pump (880 rpm) was selected that could use nearly the same fittings
and location as the existing pumps. The inlet for the pumps would be increased to 16 inches
while the discharge would remain at 14 inches. This would allow for the elimination of the
reducer before the pump.
This model proved to be fairly successful in all regards. The three 70 hp pumps could
produce 24.75 mgd (17187 gpm). This alternative would create much of the needed
capacity of the plant as well as requiring less construction to be done.
Figure 7: Alternative 5 Pump vs. System Head Curves
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4.1.6 Alternative 6: Four That Squeeze (60 hp)
Again, the idea of Alternative 6 is similar to that of Alternative 3, but using a smaller pump
and determining how close that would come to the design point. A 60 hp pump (590 rpm)
was selected to replace the existing pumps. This pump has a 20 inch inlet and a 16 inch
outlet which would require that a new opening be made into the wet well, but would help
to lower the amount of head lost to minor losses. Not only would new fittings be required,
but also a new gate valve would be required before the pump as well.
This model proved to be fairly successful in all regards. The three 60 hp pumps and single
replacement 60 hp pump could produce 23. 5 mgd (16319 gpm).
Figure 8: Alternative 6 Pump vs. System Head Curves
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4.1.7 Summary of NP‐PS1 Alternatives
NP‐PS1 was unable to reach its needed capacity. Due to this deficiency, several alternatives
were reviewed and compared. Below is a table of the various alternatives reviewed and what
capacities they can achieve. In comparing these values, Alternative 4 proves to be the most
adequate for the needs of SDSD.
Since all alternative pumps are submersible, a budgetary quote was taken for a similar pump to
that of Alternative 2. This pump would be require 150 hp motor and would cost nearly
$150,000 for each set of pumps and motors. While this price could probably be negotiated, the
motor would be larger and would require a larger energy cost.
Table 4.2: Pump Station 1 Alternatives Summary
Summary of NP‐PS1 Alternatives
Capacity without Capacity using
Standby Pump
Standby Pump
(mgd/gpm)
(mgd/gpm)
Alternative 1:
Existing System
Alternative 2: Four
That Fit (140 hp)
Alternative 3:
Four That Squeeze
(90 hp)
Alternative 4:
Five Pump System
(85 hp)
Alternative 5: Four
That Fit (70 hp)
Alternative 6: Four
That Squeeze (60
hp)

20.25 / 14100

26 / 18100

30.75 / 21400

40 / 27800

30.25 / 21000

36 / 25000

28 / 19400

33/ 22900

24.75 / 17200

32 / 22200

23.5 / 16300

28 / 19400

Work Required

None
Replacement of existing pumps
and removal of some fittings
Replacement of existing pumps,
change of fittings, replacement of
upstream valves, and new inlets
Expand the manifold, add another
pump and its required fittings and
valves, and create additional inlet
Replacement of existing pumps
and removal of some fittings
Replacement of existing pumps,
change of fittings, replacement of
upstream valves, and new inlets

Total 20‐Year
Cost
$606,394.99
$1,528,330.51

$1,594,953.42

$1,064,506.53

$1,200,583.67

$1,287,672.14

NP‐PS1 20‐Year Costs
$2,000,000.00
$1,500,000.00
$1,000,000.00
$500,000.00
$0.00

Capital Expenses
O&M
Total Cost
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4.2 NP‐PS2 Alternatives
Similar to NP‐PS1, it was important that the amount of recirculated flow be increased from the
observed amount to provide a greater safety factor. Because of this, the total recirculated rate
was raised to 4 mgd (2777.8 gpm) while the trickling filter recirculation was left at 3.5 mgd
(2430.6 gpm). This increase in recirculated flow brought the total design flow at NP‐PS2 to 31.5
mgd (21875 gpm).
Another special consideration that was taken into account was the amount of space available in
the current NP‐PS2 building. Inside, all the pumps are located close together and would create
some difficulty should they need to be moved or replaced. However, unlike NP‐PS1, the
manifold cannot be adjusted to allow for more space between the pumps. It is assumed that
some adjustments can be made through the use of eccentric fittings.
To account for the possible need for an increased capacity, five alternatives were considered
with regard to the hydraulic capacity of NP‐PS2:







Leaving the system as it is currently designed
Four That Fit
Four That Squeeze
Three Large Pumps
Four That Fit (70 hp)
Four That Squeeze (60 hp)
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4.2.1 Alternative 1: Existing System:
After modeling the existing
system, the capacity was
determined to be only 21 mgd
(14756.9 gpm) when a single
pump is left as a standby. This a
little better than was seen at NP‐
PS1, but the desired amount of
flow to be pumped is 31.5 mgd
(21875 gpm). This means that
the pump station can pump less
than 70% of the desired capacity.
Because it is so far insufficient,
leaving the existing system is considered to be an inadequate alternative.
Due to the possible error in the model used to determine the current capacity of NP‐PS2,
one possible solution would be to allow the system to continue as it is currently designed
even though the design is far below the desired capacity. This method would cost nothing
to execute and a more accurate study could be performed at a later date when the current
capacity is reached.
Figure 9: Alternative 1 Pump vs. System Head Curves
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4.2.2 Alternative 2: Four That Squeeze
Although the space available for a replacement pump does not exist in NP‐PS2, it was
considered possible that by using specialized fittings and making other small adjustments, a
larger pump could possibly replace the existing pumps.
In this alternative, a 170 hp pump (1185 rpm) was selected that would require a large
upgrade to the existing fittings and manifold. The existing pumps have a 14 inch inlet and
14 inch discharge while the new 170 hp pumps would be 24 inches in and 20 inches out.
Because of the larger inlet size, it was hoped that some of the minor losses might be
decreased to the point that a greater efficiency might be achieved. The capacity of the
three pumps was capable of reaching 36 mgd (25000 gpm).
Figure 10: Alternative 2 Pump vs. System Head Curves
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Alternative 2 is considered inadequate because it achieves desired flows but requires a lot in
the way of construction since the same locations and fittings cannot be used.
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4.2.3 Alternative 3: Four That Squeeze
While space is still lacking in
NP‐PS2, it was decided that a
similar setup could exist as
that used in Alternative 2,
where specialized fittings
might be used to allow for the
spacing along the length of the
manifold. A 185 hp pump (710
rpm) was selected that would
require a larger set of fittings
since it has a 24 inch inlet and
a 20 inch discharge. No
reducer would be needed upstream of the pumps. The downstream reducer would thus be
the only fitting that could be used to place the pumps where they might fit.
With the four larger pumps, the capacity was attained but, because of the size of the pump,
was also far surpassed. It was found that 39.75 mgd (27604 gpm) could be reached even
while one pump acted as a standby.
Figure 11: Alternative 3 Pump vs. System Head Curves
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Alternative 3 is considered to be inadequate in spite of having reached the needed capacity.
This was because the capacity was far surpassed even though it was unnecessary.
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4.2.4 Alternative 4: Three Large Pumps
In reviewing the NP‐PS2 building, it
was determined that since space
was so limited, it might be
beneficial to replace the existing
pumps with three much larger
pumps. This would allow for more
space between them, but with a
pump acting as standby, it would
also require a very large increase
in size of the pumps.
A 250 hp pump (885 rpm) was selected to achieve the desired flows. Again, the inlet to the
pump is 24 in. and the outlet is 20 in. which is larger than the existing pumps. However, the
inlet from the wet well is currently 20 in. and it is assumed that the same holes could be
used to provide water to the larger pumps. The outlet would require the same number of
fittings due to the fact that the discharge would still need to be reduced to the existing 18
in. valves.
If the abovementioned changes were implemented, it was found that 34.5 mgd (23958 gpm)
could be pumped from just two 250 hp pumps. This value is well over the needed capacity
therefore Alternative 4 is suitable for the needs of SDSD. However, because of the large
amount of installation that would be needed and the large power requirement of the
pumps, it is probable that this alternative could prove to be the most costly in the long run
even when using the existing variable frequency drive.
Figure 12: Alternative 4 Pump vs. System Head Curves
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4.2.5 Alternative 5: Four That Fit (85 hp)
One concern that arose during the analysis was that the alternatives would be too
expensive. To compensate for this, it was determined that some of the alternatives should
include smaller pumps that were not expected to achieve the design flows. While all the
previous alternatives were able to meet the design criteria, it was decided that smaller
pumps could be used to increase capacity even if it is not the design capacity. A 85 hp pump
(880 rpm) was selected to raise the flow capacity. The inlet of the pump is 16 inches and the
outlet is 14 inches which allows the pumps to replace the existing pumps without any
changes to the valves or manifold.
If the abovementioned changes were implemented, it was found that 27.75 mgd (19270
gpm) could be pumped with three 85 hp pumps. While the design capacity is not met by
this alternative, the increase in capacity may be considered adequate for the needs of SDSD.
Figure 13: Alternative 5 Pump vs. System Head Curves
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4.2.6 Alternative 6: Four That Squeeze (60 hp)
While most of the previous alternatives were able to meet the design criteria, it was decided
that smaller pumps could be used to increase capacity even if it is not the design capacity. A
60 hp pump (590 rpm) was selected to raise the flow capacity. The inlet of the pump is 20
inches and the outlet is 16 inches which requires that not only the pumps be replaced, but
new inlets be made into the wet well, the upstream valves be replaced and many of the
fittings be changed as well.
If the abovementioned changes were implemented, it was found that 24 mgd (16667 gpm)
could be pumped with three 60 hp pumps. While the design capacity is not met by this
alternative, the increase in capacity may be considered adequate for the needs of SDSD.
Figure 14: Alternative 6 Pump vs. System Head Curves
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4.3 Summary of NP‐PS2 Alternatives
Similar to NP‐PS1, NP‐PS2 was unable to reach its needed capacity. Due to this deficiency, six
alternatives were reviewed and compared. Below is a table of the various alternatives reviewed
and what capacities they can each achieve. In comparing these values, Alternative 5 proves to
be the most adequate to the needs of SDSD. Likewise, it proves to be the least costly as well.
Since all alternative pumps are submersible, a budgetary quote was taken for a similar pump to
that of Alternative 2. However, this pump would be able to fit into the existing pump locations.
This pump would be require 150 hp motor and would cost nearly $150,000 for each set of
pumps and motors. This would be a much cheaper alternative than trying to put in larger
pumps.
Table 4.3: Pump Station 2 Alternatives Summary
Summary of NP‐
PS2 Alternatives
Capacity without Capacity using
Standby Pump
Standby Pump
(mgd/gpm)
(mgd/gpm)
Alternative 1:
Existing System
Alternative 2: Four
That Fit (170 hp)
Alternative 3: Four
That Squeeze (185
hp)
Alternative 4:
Three Large Pumps
(250 hp)
Alternative 5: Four
That Fit (85 hp)
Alternative 6: Four
That Squeeze (60
hp)

Work Required

Cost

21 / 14600

26 / 18100

None

36 / 25000

44 / 30600

Replacement of existing pumps
and replacement of some fittings

$1,905,163.12

39.75 / 27600

46 / 31900

Replacement of existing pumps
and removal of some fittings

$2,330,617.61

34.5 / 24000

43.5 / 30200

27.75 / 19300

36 / 25000

24 / 16700

29 / 20100

Expand the manifold, add another
pump and its required fittings and
valves, and create additional inlet
Replacement of existing pumps
and replacement of some fittings
Replacement of existing pumps
and removal of some fittings

$612,521.72

$2,229,487.17

$1,464,436.51

$1,214,667.34

NP‐PS2 20‐Year Costs
$2,500,000.00
$2,000,000.00
$1,500,000.00
$1,000,000.00
$500,000.00
$0.00

Capital Expenses
O&M
Total Cost
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5.0 Additional Recommendations
5.1 VFD
The existing VFD’s that are used to slow the speed of a pump in order to handle lower flows are
currently capable of operating a single pump. Because of this, as the water level fluctuates
between needing more than one pump or less than one, a single pump will be activated and
shut off continuously as the water level changes. The reason for this is explained in Pumping
Station Design (Sanks, 1989) which states that, “The minimum discharge should be at least 30%
of the maximum [bep].” It also mentions that many manufacturers even list their minimum
values to be much higher percentage. As a result, if flows are slightly beyond the capacity of a
single pump, another must activate to handle the flows. Because the second pump cannot run
at lower than 30% of its maximum capacity, it will draw down the wet well. Due to the small
size of the existing wet wells, this happens very quickly and the second pump will see cyclic
activation until flows either increase or decrease to a more stable level.
To avoid these problems, a second VFD could be operated so that, as the second pump
activates, they would both reduce their output so that they each operate at 50% of the flow and
then ramp up together. This allows for the cyclic activation to be eliminated even though the
VFD’s may cause the pumps to operate a lower efficiency. Although energy costs might increase
slightly, the life of the pumps should increase as well. Even more preferable would be to have a
VFD for each pump. Then as flows increase, any active pumps will be discharging at the same
flows. It is recommended that additional VFD’s be considered in the event of any upgrades.

Percentage of Pump Speed for Different
VFD Settings Running Slightly Beyond 3‐
Pump Capacity in a 4‐Pump System
100.0%
90.0%
80.0%
70.0%
60.0%

Pump 1

50.0%

Pump 2

40.0%

Pump 3

30.0%

Pump 4

20.0%
10.0%
0.0%
Single VFD

Dual VFD

Triple VFD

Quad VFD
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Table 5.1: Rough Estimated Costs of VFD Units
Estimated VFD Costs
Full Load
Current
(A)

Amp Rating
(A)

Unit Cost

Alternative 2: Four That Fit (140 hp)
Alternative 3: Four That Squeeze (90 hp)
Alternative 4: Five Pump System (85 hp)
Alternative 5: Four That Fit (70 hp)
Alternative 6: Four That Squeeze (60 hp)

179
129
93
93
103

202
138
104
104
104

$14,600.00
$10,600.00
$23,150.00
$7,800.00
$7,800.00

$43,800.00
$31,800.00
$69,450.00
$31,200.00
$23,400.00

Alternative 2: Four That Fit (170 hp)
Alternative 3: Four That Squeeze (185
hp)
Alternative 4: Three Large Pumps (250
hp)
Alternative 5: Four That Fit (70 hp)
Alternative 6: Four That Squeeze (60 hp)

231

236

$14,600.00

$43,800.00

253

290

$10,600.00

$31,800.00

355

390

$23,150.00

$69,450.00

112
112

138
138

$7,800.00
$7,800.00

$31,200.00
$23,400.00

Total Cost

5.2 In‐Plant Hydraulic Capacity
Although the hydraulic capacity of the pump stations could be increased, it may not be the
controlling factor in the plant. Operators have stated that, under a stress test of 18 mgd (22500
gpm) that was maintained for a little over two hours, the plant began to fail at every section.
The grit chambers begin to overflow, the trickling filters cannot discharge quickly enough and all
the distribution boxes begin to spill water. At this point, no treatment is being done except to
“remove the rags”.
Because of this handicap of 18 mgd, the pumps can never truly reach their maximum capacity
because so many other things will fail first. Before any upgrades can be implemented, these
problems should be analyzed thoroughly so that the upgraded capacity is not simply wasted.
5.3 Tail‐End Discharge
While the hydraulic capacity of the pump stations is important, its importance is situational. It
has been observed that if the water levels in the discharge channel are high at the same time
high flows are being discharged, the water will back up into the contact basin causing it to flood
and operate under submerged conditions. Under the abovementioned conditions, it has also
been observed that the final clarifiers will flood and operate under submerged conditions.
The current head at the contact basins is maintained at an elevation of about 4209 ft. and then
travels down to the discharge canal by way of a submerged pipe. However, the high river flow
for the state canal is actually about 4213 ft. As the flows rise, it is very easy for the water to
begin backing up and flooding the plant facilities. The water leaves the contact basin by way of
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a 42 in. pipe and travels nearly 1500 ft. before being discharged into the state canal. By placing
these values into the energy equation used to solve for the system curves and using the Hazen‐
Williams equation to solve for the friction, the required upstream elevation in order to continue
discharging the needed 24 mgd of flow was found to be about 4217 ft. To achieve this would
require raising the contact basin and final clarifiers as well as their respective distribution boxes
by about 8 feet!
Because 8 ft. was determined to be unreasonable, it was decided that, instead of using the high
water surface elevation, the elevation of the road out to the discharge pipe could be used as a
more reasonable high water elevation. Through the use of GPS surveying equipment, this
elevation was found to be about 4208.5 ft. which would require that the contact basin walls be
located at an elevation of about 4213 ft. It was also found that the maximum elevation of the
walls in the existing contact basin was about 4211 ft. even though a lower water surface
elevation is maintained. This would mean that the walls would only need to be raised 2 ft. to
allow for the higher flows to continue discharging even when the canal has flooded its banks.
As the head would be raised at the final clarifiers, NP‐PS2 would be required to pump to a
higher head as well. It was found that when the head was raised by 2 ft. under the Alternative 5
conditions, that the capacity would decrease from 31.5 mgd (21875 gpm) to 30.5 mgd (20833.3
gpm). While short of the required design flows, it is possible that the increase in the tail‐end
capacity would be more effective than pumping higher flows while the tail‐end of the plant is
backed up.
It is recommended that the walls of the contact basins, final clarifiers, and all their distribution
boxes be raised by at least 2 ft. in order to produce the necessary head to discharge at higher
flows. It must be noted that, with such an upgrade, the required head at NP‐PS2 will increase
and the amount of water that can be discharged from the pumps will be reduced. As a result, if
an upgrade is considered on the tail end of the plant, the second pump station will also require
review.
5.4 Grit Chamber Distribution
It has also been stated by the operators that they are unable to even operate at the current
capacity of NP‐PS1 because of the distribution system used at the grit chambers. After flowing
from NP‐PS1, flows are divided down two channels where they enter two separate grit
chambers. The dividing mechanism used is a concrete wall at the end of a tee. Flows slam into
the head of the tee before being able to travel laterally. Operators have said that if they run the
system near capacity, the influent begins to “shoot” out the top of this open‐air splitter.
Because of this, some other sort of distribution system may need to be considered along with
any upgrades in NP‐PS1 since the increased capacity will not be a benefit until this problem in
distribution is fixed. At a minimum, it may be necessary to lay sheet metal or some wood
sheeting on top of the grating so that access is not limited, but water can be maintained inside
the distribution box.
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2.0 System Description
2.1 Primary Pump Station Layout
Wastewater enters SP‐PS1 by way of a Parshall flume before entering the wet well. The flow
then passes through one of four rounded 14 in. pipes, before being reduced to the correct pump
size, and enters one of four pumps. All four pumps are identical 40 hp pumps. A variable speed
drive is set up so that any one of the pumps can be operated by it. Following the pumps, the
pipe is then expanded to 12 in. in order to accommodate the existing valves and then expanded
again in order to connect to the 16 in. manifold. Finally, the 16 in. pipe travels roughly 90 ft. and
rises nearly 37 ft. before entering the clarifiers.
Design peak flows in SP‐PS1 were reported to be 6.0 mgd although an additional 0.5 mgd (347.2
gpm) comes from recirculated flows that are otherwise unaccounted for. This brings the total
amount that must be pumped to about 6.5 mgd.

6.0 mgd
Influent Flow

14 in. Gate
Valve

SP‐PS1 Layout

40 hp Pump

Decreaser

0.5 mgd
Recirculated

12 in. Swing
Check Valve

Increaser

12x16
Increase

12 in. Gate
Valve

Total Flow to
Primary Clarifiers
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2.2 Intermediate Pump Station Layout
Unlike what exists in the
North Plant, SP‐PS1 and
SP‐PS2 are vastly different
6.5 mgd
Influent Flow
in their setup. SP‐PS2 is an
intermediate station and
lifts flows up to the
intermediate clarifiers and
trickling filter. Because the
clarifiers are located
Pump
10 in. Swing
Check
Valve
immediately downstream
of SP‐PS2, there is little
chance at any backflow
which results in a much
smaller number of fittings.
Flows enter SP‐PS2
10 in. Gate
through one of four bell‐
Valve
mouthed 6 in. pipes and
are then piped directly up
to the pumps above. Since
the pumps are not at water
level, no isolation valves
are needed on the
upstream side of the valve.
Here, four identical pumps
are used. Again, a VFD
Total Flow to
allows any one of the
Intermediate Clarifier
pumps to operate at lower
speeds. After the pumps,
flows discharge directly into a wet well that feeds into the intermediate clarifier. Friction is
negligible as a result and only the few fittings that exist provide any losses.

SP‐PS2 Layout

As in SP‐PS1, the design peak flow in SP‐PS2 remains at 6.5 mgd with the additional recirculated
flows from the system.
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2.3 Secondary Pump Station Layout
After passing through the intermediate trickling filter, flows are then routed back to the main
pump station building where the secondary pumps are maintained. The secondary pumps are
fed from a wet well through 14 in. inlets which are then reduced down to the size of the pumps.
Three identical 30 hp pumps are used with a variable speed drive to allow for the lower flows to
be met. Following the pumps, the pipe is then expanded to 12 in. to accommodate the valves
and fittings and then expanded to a 16 in. manifold. Farther down the pipe, it expands again
into an 18 in. pipeline. Flows travel about 30 ft. and are lifted about 15 ft. before reaching the
distribution box for the final clarifiers.
The design peak flow in SP‐PS3 remains at 6.5 mgd with the additional recirculated flows from
the system. However, an additional 0.5 mgd is also recirculated from the trickling filters leaving
the total pumped amount at 7.0 mgd.

6.5 mgd
Influent Flow

14 in. Gate
Valve

0.5 mgd
Return Flow
to Trickling
Filters

SP‐PS3 Layout

30 hp Pump

Decreaser

0.5 mgd Recirculated Flow
from Trickling Filters

12x16
Increaser

12 in. Swing
Check Valve

Increaser

18 in. Gate
Valve

Total Flow to
Final Clarifiers
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2.3 Summary of South Plant General Design
The table below divides the design of the plant into two sections, the actual design and the
observed data. In comparing these two sets of data, it is possible to see whether the observed
flows are reaching the amounts that were designed for.
Table 2.2: South Plant Design and Observed Data
South Plant Design Data
Design Parameters
South Plant General
Avg. Daily Flow (mgd/gpm)
Peak Hour Flow (mgd/gpm)
Inplant Return Flow (mgd/gpm)
#40 hp Pumps/gpm
# Pumps/gpm
#30 hp Pumps/gpm
Combined Pumping Capacity
(mgd/gpm)

4 / 2800
6 / 4200
3 / 2100
SP‐PS1

SP‐PS2

SP‐PS3

4 / 2000
NA
NA

NA
4 / 1500
NA

NA
NA
3 / 2500

11.5 / 8000

8.6 / 6000

10.8 / 7500

South Plant Observed Data
Item
Avg. Dry Weather
Flow
(influent mgd/gpm)
(effluent mgd/gpm)
(Oct. – Mar.)
Avg. Wet Weather
Flow
(influent mgd/gpm)
(effluent mgd/gpm)
(Apr. – Sept.)

Peak Hour (mgd/gpm)

SP Data 2007

SP Data 2008

SP Data 2009

3.37 / 2340

2.74 / 1900

2.44 / 1720

2.85 / 1980

2.50 / 1740

2.37 / 1650

3.80 / 2640

3.40 / 2360

2.90 / 2010

3.20 / 2220

3.10 / 2150

3.00 / 2080

10.10 / 7010

10.0 / 6940

7.30 / 5070

Description (M&E, pg
179)
The average of the daily
flows sustained during
dry‐weather periods
with limited infiltration
The average of the daily
flows sustained during
wet‐weather periods
when infiltration is a
factor
The average of the peak
flows sustained for a
period of 1 hour in the
record examined (usually
based on 10‐min
increments)
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3.0 Existing System Analysis
In order to complete an analysis of the existing system and to verify the current capacity that
may be handled, a spreadsheet model was created by using hydraulic methods and equations
outlined in greater detail in Appendix A.
3.1 Data Gathering
Data was collected by using various methods in order to create the most accurate model
possible. The original 1960 construction plans were compared against the later 1990 expansion
plans to determine materials used as well as accurate hydraulic sizing. Pump curves for the
existing pumps from the same time periods were also located and evaluated.
After locating the details of the plant and its design, flow values were taken from recorded data
using the existing Parshall flume and totalizer for the plant. These values were then checked
against several archived pen charts from 2004 to 2010 to determine the accuracy of the
recorded influent values.
No recirculation data is kept at the south plant which means that there is no way to define what
the recirculation amounts actually are. Since there was no data to review, recirculation flows
were estimated.
Several hydraulic design references, such as Pumping Station Design and Advanced Water
Distribution Modeling and Management (Haestad, 2003), were used and various coefficients
and common values were taken from them to help maintain accuracy in the calculations
3.2 Pump Curve
Before attempting to model the existing system, it was necessary
to recreate the pump curves in order to calculate the curve
equation. By finding this equation, values could be found on the
curve without the use of interpolation or excessive amounts of
manually located points.
After the curves were put into the spreadsheet and the curves
calculated, they were added in various parallel combinations.
This simplification allowed for the ability to quickly view the
results of running various specific pumps.
3.3 System Curve Modeling
In modeling the system curve, a minor loss equation was used to find the needed head values at
a given flow where h is the total head produced, ∆El is the distance that the water must rise by
the end of the pipe (static head), and the last term accounts for the minor losses that will occur
throughout the system (dynamic head):
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This is not to say that the calculated head would
be produced at the end of the pipe, but that the
pump would produce the calculated head
immediately upon discharge. Then, as the flows
pass through the various valves and fittings,
they would drop until reaching the needed head
at the end of the pipe. It is also important to
note that as the flows become greater, the
amount of head that must be produced will also
become greater.
Values for minor losses were taken from the given ranges of Pumping Station Design (Sanks,
1989) and, for lack of better information, conservative values were used. Using the minor loss
equation, curves were calculated for each system and show the various heads that would be
needed in order to provide the desired flows.
3.3.1 Difficulties Encountered in Comparing the Pump Curve to the System Curve:
Because the existing systems use a variable frequency drive, pump curves will change at
different speeds. Also, because the intermediate curves were not available, only the
maximum speed pump curves were compared to the system curves.
3.3.2 Difficulties Encountered in Modeling the System Curve: Two problems arose
when modeling the system curve for which no solid solution was found. The first came
up when modeling flows through the manifold after the pumps in each station. The
second dealt with simply determining how to divide the flows through each pump.
When modeling the system curve through the manifold, no information on standard
practice for designing manifolds was found and no text could be located that provides
such information. Without further guidance, it was decided that the manifold could be
broken into various tees and elbows. In this way, the flows could be modeled as they
passed through each of the intersections instead of using the manifold as a whole. As a
result, it was also decided that less conservative values should be used when
considering losses through the manifold so that it would not be weighted as heavily
while other values were left more conservative.
3.3.1 Difficulties Encountered in Calibrating the System Curve: Several of the data
points taken from the totalizer showed that the maximum flows into the plant were up
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to 10 mgd. The pen charts that were compared to these values are capable of reaching
15mgd, but these high points don’t usually follow flow patterns for the day and are
most likely due to periods of flushing or cleaning of the system. This theory conforms to
the typical routine that is followed for flushing the system. In recreating the system
curve, maximum flows were assumed to be no higher than 6 mgd and the model was
calibrated based on this information (the model was left alone because it could not
reach 10 mgd and would have to be calibrated to do so).
3.3.1 Difficulties Encountered in Initial Design: Another difficulty that came up was a
problem in the initial design of the treatment plant. In the plant design, a single head
was called out for the pump station regardless of which pump was being used. Because
this number does not match the static head, it was determined to be the total head. It
is also assumed that this head was for the design flow, but when compared with the
model, the values were found to be very different. Also, the design called for the flows
at a specific head, but the flow at this head from the pump curves did not match the
design flow. Often the design points marked on the pump curves did not match what
was called for in design and both have been noted in the table below.
Specifically in the case of SP‐PS2, an upgrade was done after the design listed in the
plans; however, no record of the updated design was available. The design point, taken
from the pump curve, has been listed for the pump curve while the design portion of
the plans shall be left as the original 1990 design.
On the pump curve for SP‐PS3, no point was listed for design and therefore the table
has been left null for the pump curve design. It should be noted however, that at the
head mentioned in design, the curve does not extend far enough down to reach the
specified head and it appears that the lowest head on the curve was simply used as a
“best guess” because it is not considered good practice to extrapolate data beyond the
given curve.
Due to the discrepancies in the design values, it was determined that the model should
not be calibrated to the design data. The design points were still compared to the
curve, but did not provide sufficient reason for adjusting the curve to fit them.
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Table 3.3: Design and Model Heads
Heads for SP‐PS1 at 11.5 mgd (design capacity)
Design/Pump Curve (ft.)
Static Head
Dynamic Head
Total Head

35.5/35.5
‐0.5/9.5
35/45

Heads for SP‐PS2 at 8.6 mgd (design capacity)
Design/Pump Curve (ft.)
Static Head
Dynamic Head
Total Head

11/11
9/11
20/22

Heads for SP‐PS3 at 10.8 mgd (design capacity)
Design/Pump Curve (ft.)
Static Head
Dynamic Head
Total Head

19/NA
11/NA
30/NA

Modeled (ft.)
35.5
28.5
64

Modeled (ft.)
11
13
24

Modeled (ft.)
19
17.4
36.4

3.4 System Analysis
Whereas the pump curves help to detail the amount of head that can be produced at a given
flow, the system curve shows the amount of head required for a given flow. Once completed,
the system curves were compared against the pump curves to determine the points of
intersection. Each pump curve corresponds to a specific system curve and where they intersect
shows the amount of flow that will be produced when running the corresponding pumps while
still providing the needed head in the line.
It is also important to note that even though four pumps may be available, one of these pumps
must be considered a “standby” pump in case any pump should fail. In creating a system design,
it is considered that one pump will act as the standby and thus the largest available pump
should no longer be considered in the design.
Below are graphs of the pump curves with the calculated system curves. Although the most
conservative values were used, a second system curve was drawn using the least conservative
values to illustrate the range of values that could be calculated if different values were chosen.
In this way, it can be seen whether the conservative assumptions were too strict.
3.4.1 SP‐PS1: In comparing the points of crossing, it was determined that the highest
amount that could possibly be pumped from SP‐PS1 would be between 6.68 and 7.95
mgd (4639 and 5521 gpm) when one pump is left on standby. As was stated previously,
the plant was designed for a maximum of 6 mgd (4166.7 gpm) influent, but there should
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be an additional 0.5 mgd (347.2 gpm) that is constantly being recirculated to aid in the
treatment of the influent. This amount is adequate to handle the expected design
flows.
Figure 15: Alternative 1 Pump vs. System Head Curves

SP‐PS1: Existing System Pump Curves
(Three Pumps)
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3.4.2 SP‐PS2: The point of crossing for SP‐PS2 resulted in a much larger value of
between 11 and 12 mgd (7638.9 and 8333 gpm) can be pumped with a pump left on
standby! This is well beyond any needed capacity at the South Plant.
Figure 16: Alternative 1 Pump vs. System Head Curves

SP‐PS2: Existing System Pump Curves
(Three Pumps)
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3.4.3 SP‐PS3: While similar in design to SP‐PS1, no point of crossing for SP‐PS3 resulted
due to the much lower head losses. Because it is bad practice to extrapolate pump
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curves, the highest flow on the curve was used for each pump. This resulted in 7.2 mgd
(5000gpm) when a single pump is left on standby. Even after applying recirculated
flows, enough capacity exists in the system. It is also assumed that higher flows are
actually reached even though they cannot be quantified.
Figure 17: Alternative 1 Pump vs. System Head Curves

SP‐PS3: Existing System Pump Curves
(Two 30hp Pumps)
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3.5 Summary of Hydraulic Findings
In the table below, observed flow data from over the last couple years show a steady decrease
each year. It was noted that flows have actually been decreasing recently in large part because
some of the flow has been bypassed to the north plant. Operators have said that the peak flows
shown below are due to flushing the system and are neither accurate nor reflective of the actual
peak flows. This is especially notable because the peak flows usually occur during the winter
months when runoff is not a contributing factor and infiltration is much lower. It is unlikely that
the flows would reach such peaks when infiltration is minimal. Unlike the north plant, the peak
flows seen at the south plant should be much lower.
Similarly, the minimum flows often occurred when the system was shut off or had other
contributing factors. To compensate for this, an annual average was taken and attributed to
being nearly the lowest flow that would be seen each year.

Table 3.4: South Plant Observed Flows
2007
Avg. Daily Flow
(Influent mgd/gpm)
(effluent mgd/gpm)

3.6 / 2500
3.0 / 2100

2008

2009

3.1 / 2200
2.8 / 1900

2.7 / 1900
2.7 / 1900
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Peak Hourly Flow
(mgd/gpm)
Minimum Flow
(mgd/gpm)

10.1 / 7000

10.0 / 6900

7.3 / 5100

2.16 / 1500

1.71 / 1200

1.56 / 1100

3.6 3D Analysis
Because the existing system was determined to be adequate for the design flows, creating a 3‐D
model was not done for any of the south plant pump stations.
3.7 Cost Analysis
Because no alternatives were reviewed at the south plant, costs were also disregarded since
they were irrelevant.
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4.0 Alternatives
Because the model that was used to review the various alternatives was not able to be
calibrated to any great extent, it must be noted that all values chosen for coefficients were
selected at the most conservative level. In doing this, all values the operating flows could prove
to be much higher than stated in the alternatives and should therefore be regarded as the
worst‐case scenario. It is also for this reason that recommended alternatives were often chosen
in spite of having fallen slightly below design flows.
It should also be noted that, while some pump stations were incapable of reaching their needed
capacity, the treatment capacity of the south plant is so much less that the hydraulic capacity
could be considered irrelevant. Usually, if the south plant receives more than about 4 mgd,
excess is piped to the north plant in order to avoid overloading the south plant.
4.1 SP‐PS1 Alternatives
After modeling the existing system, the capacity was found to be 7.18 mgd (4986 gpm) when a
pump is left on standby. This value is sufficient to handle the design flows and the existing
system is considered adequate. As such, no other alternatives required review.
Figure 18: Alternative 1 Pump vs. System Head Curves

SP‐PS1: Existing System Pump Curves
(Three Pumps)
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4.2 SP‐PS2 Alternatives
Because the capacity of three pumps running in SP‐PS2 was found to be 10.7 mgd (7431 gpm), it
was determined that no alternatives need be reviewed and that the existing system at SP‐PS2 is
more than adequate to serve any incoming flows.
Figure 19: Alternative 1 Pump vs. System Head Curves
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4.3 SP‐PS3 Alternatives
There was some difficulty in modeling the existing system for SP‐PS3 because the total head
used for the system curve never intersects with the pump curve provided by the manufacturer.
Even the head used for the original design does not intersect. Therefore it was decided that in
order to have a value, that the lowest point on the pump curve would be used as the pump flow
value. Because the pumps are currently working in this setup, it is assumed that they must be
acting on the far right end of the curve.
In using the lowest point on the pump curve, a total flow of 7.2 mgd (5000 gpm) could be
achieved while providing a backup. In reality, the actual capacity of the pumps may be far
beyond this point, but since extrapolating a pump curve is not considered good practice, it was
not attempted. Since the pumping capacity is so far beyond the needed values, it was
determined that no other alternatives need be reviewed because the existing system is
adequate for any required flows.
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Figure 20: Alternative 1 Pump vs. System Head Curves
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4.4 Summary of South Plant Alternatives
At the south plant, all three pump stations were found to be adequate for the projected design
flows. Because they were all adequate, no other alternatives were reviewed. Below are listed
the results of the various pump stations.
Table 4.4: South Plant Alternatives Summary
Summary of SP‐PS1 Alternatives
Capacity without Standby Pump
(mgd/gpm)
Alternative 1:
Existing System

7.18 / 4990

Summary of SP‐PS2 Alternatives
Capacity without Standby Pump
(mgd/gpm)
Alternative 1:
Existing System

10.7 / 7430

Summary of SP‐PS3 Alternatives
Capacity without Standby Pump
(mgd/gpm)
(based on the farthest point on the
pump curve)
Alternative 1:
Existing System

7.2 / 5000

Capacity using Standby Pump
(mgd/gpm)

Cost

8.66 / 6010

NA

Capacity using Standby Pump
(mgd/gpm)

Cost

12.9 / 8960

NA

Capacity using Standby Pump
(mgd/gpm)
(based on the farthest point
on the pump curve)

Cost

10.8 / 7500

NA
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5.0 Additional Recommendations
5.1 VFD
The existing VFD’s that are used to slow the speed of a pump in order to handle lower flows are
currently capable of operating a single pump. Because of this, as the water level fluctuates
between needing more than one pump or less than one, a single pump will be activated and
shut off continuously as the water level changes. The reason for this is explained in Pumping
Station Design (Sanks, 1989) which states that, “The minimum discharge should be at least 30%
of the maximum [bep].” It also mentions that many manufacturers even list their minimum
values to be much higher percentage. As a result, if flows are slightly beyond the capacity of a
single pump, another must activate to handle the flows. Because the second pump cannot run
at lower than 30% of its maximum capacity, it will draw down the wet well. Due to the small
size of the existing wet wells, this happens very quickly and the second pump will see cyclic
activation until flows either increase or decrease to a more stable level.
To avoid these problems, a second VFD could be operated so that, as the second pump
activates, they would both reduce their output so that they each operate at 50% of the flow and
then ramp up together. This allows for the cyclic activation to be eliminated even though the
VFD’s may cause the pumps to operate a lower efficiency. Although energy costs might increase
slightly, the life of the pumps should increase as well. Even more preferable would be to have a
VFD for each pump. Then as flows increase, any active pumps will be discharging at the same
flows. It is recommended that additional VFD’s be considered in the event of any upgrades.

Percentage of Pump Speed for Different
VFD Settings Running Slightly Beyond 3‐
Pump Capacity in a 4‐Pump System
100.0%
90.0%
80.0%
70.0%
60.0%
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40.0%

Pump 3

30.0%
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10.0%
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5.2 Tail‐End Discharge
While the hydraulic capacity of the pump stations is important, its importance may be
situational. It has been observed that if the water levels in the discharge channel are high when
high flows are being discharged, that the water could back up into the contact basin causing it to
flood and operate under submerged conditions. Because of this possibility, it is important to
verify the capacity of the plant to discharge at higher discharge elevations.
5.3 Treatment Capacity
Although the hydraulic capacity is important, it should also be noted that the treatment capacity
is much less and often part of the flow is diverted to the north plant in order to allow the south
plant to effectively treat its waste. Because of this, before any hydraulic upgrades are made, it
is recommended that a treatment analysis be done to determine how best to increase the
capacity of the plant.
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6.0 Conclusions
Through modeling the existing systems, it appears that the original designs did not account for
the recirculated flows of the plants and also did not provide any redundancy by leaving a pump
to act as a backup. Because of this, in order to reach the design capacity, some type of upgrade
will be required.
6.1 North Plant
In the north plant, both pump stations had to be upgraded to increase their capacity to
the needed amount. It is recommended that Alternative 4 be followed for NP‐PS1
because it may require the minimal work without any large building additions, and thus
cost less, to implement. It will also provide the design capacity for the station.
Although the existing pumps may not last the full 20‐year period, it may be possible to
replace the three 60 hp pumps with two 85 hp pumps as they begin to fail. In this way,
the old system could be phased out while allowing the newer 85 hp pumps to replace
them a few at a time.
Alternative 5 is recommended for use in the case of NP‐PS2 because, although it does
not meet the flow requirements, it could increase the capacity substantially enough to
help against the immediate demands that may be seen. It is also possible to shut off the
recirculated flows if necessary which would nearly allow NP‐PS2 to pump the same
amount of flow that can be pumped in NP‐PS1.
While both of these alternatives are very beneficial, it is also important to note that they
would each require the same pump to be put in place although the impellers would be
different sizes. This would mean that instead of the existing two different pump models
in the north plant, there would be three that would have to be maintained and have
spare parts. Fortunately, since the two new pumps would be so similar in size, it is
possible that they would use many of the same parts, thus requiring fewer parts be kept
on hand.
By following these recommendations, the capacity of the north plant could be raised to
a much higher influent flow while still accounting for recirculated flows. Also, by using
the existing VFD system, low flows could be handled in a similar way to that of the
existing system. If the other recommendations stated in section 5.0 are followed, the
hydraulic capacity of the north plant could be increased to handle far more than the
existing pumps are capable of doing.
6.2 South Plant
In the south plant, none of the three pump stations required an upgrade to meet the
design flows in the system. It is recommended that, in the case of SP‐PS1, SP‐PS2 and
SP‐PS3, no change be implemented and that the existing system be left alone.
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In following the above recommendations, the south plant will remain capable of
handling the needed 6 mgd of influent flow. Also, the existing VFD’s can be used to
handle lower flows. However, since the true bottleneck lies in the treatment at the
south plant, any increase in hydraulic capacity will be crippled. It is only by reviewing
and increasing the treatment capacity that the needed flow capacity be reached.
SDSD has not undergone any major expansions since the one mentioned in 1988. For over
twenty years no major work has had to be done to increase capacity, but it appears that perhaps
the limit is near being reached. Also, the existing pumps are getting older and beginning to wear
thin. By following the listed recommendations, the capacity of the pump stations could be
raised to be able to handle any further increase that may occur in the future. Also, the district is
nearly grown out which means that this raise in capacity should be more than sufficient for
future demand as well. This would leave the district in a very good position and should act as a
long term solution to some of the current problems that have been observed.
In addition to providing solutions to the observed problems, this study will benefit SDSD in the
future as well. Because of the observed problems, a study had to be done in order to determine
any possible solutions. A study of the pump stations has never been done at SDSD in the past.
With this new information, other alternatives can be reviewed and the existing model can be
modified to allow for future capacity studies. Through this study possible solutions have been
recommended and a powerful tool has been created for future use.
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Appendix A: Existing System Descriptions
NP‐PS1
The primary pumping system of the SDSD north plant consists of four pumps that tie into a
single force main by way of a manifold. A wet well, located beneath the Parshall flume, supplies
water to the pumps. Three of the pumps are identical, 14 inch, 60 hp pumps (885 rpm) and the
last pump is a 10 inch, 50 hp pump (880 rpm) which is used to handle lower flows. In addition to
the smaller pump, a variable frequency drive (VFD) is connected to the system so that any one
of the pumps can be operated by it.
Raw wastewater enters NP‐PS1 by way of a Parshall flume before entering the wet well. The
flow then passes into one of four rounded 16 in. pipes and through a 16 in. knife gate valve
before being reduced to the correct pump size, and enters one of the pumps. Following the
pumps, the pipe is then expanded to 18 in. in order to accommodate an 18 in. swing check valve
and an 18 in. knife gate valve. After passing through the valves, the pipe is expanded suddenly
in order to connect to the 30 in. manifold. After exiting the manifold, the flow then passes
through two elbows and a bend where it travels roughly 90 ft. and rises 24 ft. before entering
the grit chamber distribution box.
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NP‐PS2
Between the trickling filters and the final clarifiers lies NP‐PS2. Secondary pumping for the north
plant houses an identical set of pumps as those in NP‐PS1 (Three 60 hp and one 50 hp pump).
Again, a VFD is used to regulate the flows through the pumps. The four pumps also take their
flows from a single wet well and are each connected to the force main by way of a manifold.
Flows enter NP‐PS2 through one of four rounded 20 in. pipes and through a 20 in. knife gate
valve which are then reduced down to their respective pump size. After the pumps, the pipe
expands to 18 in. to accommodate an 18 in. swing check valve and an 18 in. knife gate valve.
After passing through the valves, the pipe expands suddenly to 27 in and enters the 27 in.
manifold. At the end of the manifold, the pipe is increased into a 30 in. pipe which travels a
little over 300 ft. before entering the final clarifiers. The water is raised by 21.17 ft. before
entering the final clarifiers.
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SP‐PS1
In the south plant, primary influent is pumped by the original four identical 40 hp pumps that
were installed in 1960. A VFD has since been installed to handle lower flows. These pumps are
all 40 hp, 14 in. pumps and are supplied by a wet well. The four pumps are then tied to the
force main via a manifold.
Wastewater enters SP‐PS1 by way of a Parshall flume before entering the wet well. The flow
then passes through one of four rounded 14 in. pipes and through a 14 in. knife gate valve
before being reduced to the pump size. Following the pumps, the pipe is then expanded to 12
in. in order to accommodate an existing 12 in. knife gate valve and 12 in. swing check valve. The
pipe is then expanded again in order to connect to the 16 in. manifold. Finally, the 16 in. pipe
travels roughly 90 ft. and rises nearly 37 ft. before entering the clarifiers.

6.0 mgd
Influent Flow

14 in. Gate
Valve

SP‐PS1 Layout

40 hp Pump
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0.5 mgd
Recirculated

12 in. Swing
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Valve

Total Flow to
Primary Clarifiers

69

Appendix A: Existing System Descriptions
SP‐PS2
Unlike what exists in the
North Plant, SP‐PS1 and SP‐
PS2 are vastly different in
their setup. SP‐PS2 is an
intermediate station and
lifts flows up to the
intermediate clarifiers and
trickling filter. Because the
clarifiers are located
immediately downstream
of SP‐PS2, there is little
chance at any backflow
which results in a much
smaller number of fittings.
Four identical 6 in. pumps
are used to lift the flows to
the distributions box.
Again, a VFD allows for the
pumps to handle lower
flows. There is no force
main in this case since the
flows are delivered directly
to the distribution box.

6.5 mgd
Influent Flow

SP‐PS2 Layout

10 in. Swing
Check Valve

Pump

10 in. Gate
Valve

Flows enter SP‐PS2 through
Total Flow to
one of four bell‐mouthed 6
Intermediate Clarifier
in. pipes and are then piped
directly up to the pumps
above. Since the pumps are not located at water level, no isolation valves are needed on the
upstream side of the valve. Following the pumps flows pass through a 10 in. knife gate valve
and 10 in. swing check valve before discharging directly into a distribution box that feeds into
the intermediate clarifier. Friction is negligible as a result and only the few fittings that exist
provide any losses.
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SP‐PS3
The secondary pumping system is housed in the same building as the primary system. However,
only three pumps existing at SP‐PS3. They are identical 8 in. 30 hp pumps and tie into the force
main through a manifold. As with the other pump stations, a VFD helps the pumps to handle
lower flows.
After passing through the intermediate trickling filter, flows are routed back to the main pump
station building where the secondary pumps are maintained. The secondary pumps are fed
from a wet well through 14 in. inlets and through a 14 in. knife gate valve which are then
reduced down to the size of the pumps. Following the pumps, the pipe is then expanded to 12
in. to accommodate a 12 in. swing check valve and 12 in. knife gate valve. The pipe is then
expanded to a 16 in. manifold. Farther down the pipe, it expands again into an 18 in. pipeline.
Flows travel about 30 ft. and are lifted about 15 ft. before reaching the distribution box for the
final clarifiers.
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Appendix B: System Head Curve Method
A spreadsheet was created in Excel using various sheets to find the intersection point of the
system head curve and the given pump curves. First, several points were taken from the given
pump curves and input into the spreadsheet where they could be graphed. A trendline was
then added to the graph with its corresponding equation. This equation was then used to
determine the head along the curve at any given flow.
It was also important, since the pumps run in parallel, that the pump curves be added together
in various combinations. The flows were added together at arbitrarily chosen heads to create
the necessary points for the pump curve.
After recreating the pump curves, the system curve was created using by collecting information
about the existing system materials and setup. With this information, the Hazen‐Williams
equation, as well as various loss approximation equations, was used to determine the needed
loss coefficients. These coefficients were then plugged into the head loss equation to find the
total dynamic head required by the system. When added to the static head, a total head for the
system could be found.
The flows and areas used in the minor loss equation were taken from the existing system. Areas
were taken from the existing valves and fittings and then flows were chosen at small intervals so
that the various heads found with the equation could be graphed into a curve. Different curves
were also created by assuming various combinations of pumps as well. This could be done
because the total flow would not travel through any single pump when multiple pumps were
running, therefore flows could be divided among the pumps to create unique system head
curves.
When the various pump and system head curves were completed, they were plotted against
each other to determine where their points of intersection occurred. The intersection points
are referred to as “duty points” and help to illustrate at what flow and pressure a pump will
operate. The duty points for the systems which allow a pump to act as a standby pump are
referred to as the capacity of the pump station and these points were found for each pump
station and each alternative.
Hazen‐Williams Equation (ft. of head per 1000 ft. of length):
1.85

 149Q 
hf  
2.63 
 CD 
Head Loss Equation (ft.):

h  El.   k

Q2
2 gA 2

 hf
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Head losses were calculated using the loss coefficient (k) associated with its respective
area.
Head Loss (ft.): Conical Increaser (Sanks, pg. 898)

 Q2 Q2 
 2  2
A
A2 
h  0.25  1
2g
Head Loss (ft.): Sudden Increaser (Sanks, pg. 898)

 A 2  Q 2
h   2   1
2
 A1 
 2 gA2
Increaser heads were calculated using an approximate method since the lengths of the
increasers were not available and use custom, non‐standard fittings.

Variables Used:
US El.
DS El.
∆El.
g
Q
D
A
k
h
hf
C

Upstream Elevation
Downstream Elevation
Change in Elevation
Acceleration of Gravity
Flow
Diameter
Area
Minor Loss Coefficient
Head
Head Loss per 1000 ft. Due to Friction
Hazen‐Williams Loss Coefficient

Minor Losses were calculated using the following assumptions and equations:

Losses

Hazen‐Williams
Loss Coefficient

Symbol

C=

Non‐
Conservative
Value

Conservative
Value

125

Description
Ductile Iron with Cement
Mortar Lining 24” Troweled in
place (Sanks, pg. 896)

Minor Loss
Coefficients
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Entrance Loss
Loss from
Reducer
Loss from
Increaser

kent =
kreducer =

0.25
0.02

kincreaser =

0.03
in formula

Loss from Gate
Valve

kgv =

0.1

0.3

Loss from Swing
Check Valve

kcv =

0.6

2.2

Loss from Elbow

kelbow =

0.3

Loss from Bend
in Force Main

kbend =

0.15

k=

0.5

kexit =

1.0

Misc. Minor
Losses
Exit Loss

Rounded entrance (Sanks, pg.
898)
Conical before pumps (Sanks,
pg. 898)
Conical and sudden after pumps
(Sanks, pg. 898)
Gate, resilient seat
(conservative guess) (Sanks, pg.
899)
Swing check valve (Sanks, pg.
899)
Elbow between the manifold
and clarifiers (Sanks, pg. 898)
Bend in force main after the
manifold and appears to be
about 20 degrees (Extrapolated
value from 90 and 45 degree
bends) (Sanks, pg. 898)
Misc. losses
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Appendix C: Pump Information:
In this study, five different pumps were reviewed from the existing system, but an additional
eight pumps were also reviewed to determine the feasibility of the different alternatives.
Existing Pump Information
Currently, there are five different models of pumps running at the SDSD north and south plants.
At the south plant, a single model is used in each pump station while at the north plant, two
different pumps are located at each pump station. In order to create the necessary pump
comparisons, information on all the existing pumps had to be located and organized.
60 hp Pump
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Alternative Pump Information
Eight different pumps were modeled to determine whether they could improve flow capacities
sufficiently or not. Information for these pumps is listed below. However, due to manufacturer
request, much of the pump detail cannot be provided here. In order to obtain the needed pump
information, a stipulation was given by the manufacturer that the released information would
not be made available to anyone else. As a result, much of the information was made available
to SDSD, but this information could only be provided in the report if certain details were left out
such as the models of the pumps. For this same reason, the pump curves could not be included
in this report. All pump curve information is included in the Pump Curve binder at SDSD.
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Appendix D: Reviewed Alternatives
Although only a few of the alternatives were listed in the report, other scenarios were modeled
and dozens of pumps were tried. Below are all the descriptions for each attempted alternative.
NP‐PS1








Alternative 1: Existing System
Alternative 2: Four that Fit
Alternative 3: Four that Squeeze
Alternative 4: Five Pump System
Alternative 5: Four that Fit (70 hp)
Alternative 6: Four that Squeeze (60 hp)
Discarded Alternatives:
o Alternative 7: Replace 50 hp Pump
o Alternative 8: Replace Two Pumps
o Alternative 9: Replace Three Pumps
o Alternative 10: Three Large Pumps

NP‐PS2








Alternative 1: Existing System
Alternative 2: Four that Fit
Alternative 3: Four that Squeeze
Alternative 4: Three Large Pumps
Alternative 5: Four that Fit (70 hp)
Alternative 6: Four that Squeeze (60 hp)
Discarded Alternatives:
o Alternative 7: Replace 50 hp Pump
o Alternative 8: Replace Two Pumps
o Alternative 9: Replace Three Pumps

SP‐PS1


Alternative 1: Existing System

SP‐PS2


Alternative 1: Existing System

SP‐PS3


Alternative 1: Existing System
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NP‐PS1 Alternative 1: Existing System
Existing system assumptions were as follows:






Activated pumps were assumed to be those creating the greatest amount of loss (i.e.,
those farthest from the exit). This was done to create the most conservative model.
The amount of flow handled by each individual pump is proportional to its horsepower
rating. While a more accurate model would have been iterative in this respect, it was
determined that an iterative model would take too long to create and would only be of
minimal use.
All pumps flowed at 885 rpm’s for the 60 hp pumps and 880 rpm’s for the 50 hp pumps.
These values were not varied.
Areas were calculated assuming that the pipes are always flowing full.

Other initial assumptions were made as follows:
US El. =
DS El. =
∆El. =
g=

4194
4218
24
32.2

Din =
D50 =
D60 =
Dvalve =
Dpipe =

16
10
14
18
30

ft.
ft.
ft.
ft/s^2
in
in
in
in
in

Peak Influent
Flow =
24
mgd
0 16666.7 gpm
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Alternative 1 Pump Curves (NP‐PS1: Existing
System)
0

10

Flow (mgd)
20

50hp Pump

30
60hp Pump

100

Head (ft.)

80

One 50hp & One 60hp Pump

60

One 50hp & Two 60hp Pumps

40
Three 60hp Pumps

20
One 50hp & Three 60hp Pumps

0
0

5000

10000

15000

20000

25000

Two 60hp Pumps

Flow (gpm)

Alternative 1: One 50hp Pump Curves
0

2

4

Flow (mgd)
6

8

10

60

Head (ft.)

50
50hp Pump

40
30

System Head for One 50hp
Pump

20
10
0
0

1000

2000

3000

4000

5000

6000

7000

Flow (gpm)

82

Appendix D: Reviewed Alternatives

Alternative 1: One 60hp Pump Curves
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Alternative 1: One 50hp & One 60hp Pump
Curves
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Alternative 1: Three 60hp Pump Curves
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NP‐PS1 Alternative 2: Four That Fit
Alternative system assumptions were as follows:



Activated pumps were assumed to be those creating the greatest amount of loss (i.e.,
those farthest from the exit). This was done to create the most conservative model.
Areas were calculated assuming that the pipes are always flowing full.

Other assumptions were made as follows:

US El. =
DS El. =

∆El. =
g=

4194
4218
24
32.2

Din =
D1 =
D2 =
Dout =
Dpipe =
Peak Flow =
0

ft.
ft.
ft/s^2

16
16
14
18
30

in
in
in
in
in

28
19444.44

mgd
gpm
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Alternative 2: One 140hp Pump Curves
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Alternative 2: Three 140hp Pump Curves
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NP‐PS1 Alternative 3: Four That Squeeze
Alternative system assumptions were as follows:



Activated pumps were assumed to be those creating the greatest amount of loss (i.e.,
those farthest from the exit). This was done to create the most conservative model.
Areas were calculated assuming that the pipes are always flowing full.

Other assumptions were made as follows:

US El. =
DS El. =

∆El. =
g=
Din =
D1in =
D1 =
D2 =
Dout =
Dpipe =
Peak Flow =
0
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Alternative 3: One 90hp Pump Curves
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Alternative 3: Three 90hp Pump Curves
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NP‐PS1 Alternative 4: Five Pump System
Alternative system assumptions were as follows:



Activated pumps were assumed to be those creating the greatest amount of loss (i.e.,
those farthest from the exit). This was done to create the most conservative model.
Areas were calculated assuming that the pipes are always flowing full.

Other assumptions were made as follows:
US El. =
DS El. =
∆El. =
g=
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Alternative 4: One 60hp Pump Curves
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Alternative 4: One 60hp & One 80hp Pump
Curves
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Alternative 4: One 60hp & Two 80hp Pump
Curves
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Alternative 4: Three 60hp & Two 80hp Pump
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NP‐PS1 Alternative 5: Four That Fit (70hp)
Alternative system assumptions were as follows:



Activated pumps were assumed to be those creating the greatest amount of loss (i.e.,
those farthest from the exit). This was done to create the most conservative model.
Areas were calculated assuming that the pipes are always flowing full.

Other assumptions were made as follows:

US El. =
DS El. =

∆El. =
g=
Din =
D1 =
D2 =
Dout =
Dpipe =
Peak Flow =
0
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Alternative 5: One 140hp Pump Curves
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Alternative 5: Three 140hp Pump Curves
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NP‐PS1 Alternative 6: Four That Squeeze (60hp)
Alternative system assumptions were as follows:



Activated pumps were assumed to be those creating the greatest amount of loss (i.e.,
those farthest from the exit). This was done to create the most conservative model.
Areas were calculated assuming that the pipes are always flowing full.

Other assumptions were made as follows:

US El. =
DS El. =

∆El. =
g=
Din =
D1in =
D1 =
D2 =
Dout =
Dpipe =
Peak Flow =
0
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Alternative 6: One 60hp Pump Curves
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Alternative 6: Three 60hp Pump Curves
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NP‐PS1 Alternative 7: Replace 50 hp Pump
One method to increase flows was to simply replace the existing 50 hp pump and see whether
the three existing 60 hp pumps could handle the capacity while the new pump would remain as
a standby pump. The capacity achieved by this alternative was far below the required value.
This alternative was discarded in an attempt to create a set of alternatives that could all meet
the required flows and this alternative did not.
NP‐PS1 Alternative 8: Replace Two Pumps
Since a single pump could not increase flow enough, it was hoped that perhaps two could pump
the remaining amount. The capacity achieved by this alternative was below the required value
as well. This alternative was discarded in an attempt to create a set of alternatives that could all
meet the required flows and this alternative did not.
NP‐PS1 Alternative 9: Replace Three Pumps
The existing system uses three larger pumps and a smaller pump to handle lower flows. To
create a similar situation, three pumps would be replaced and a single 60 hp pump would be left
for the lower flows. The capacity achieved by this alternative was below the required value
since one of the larger pumps would need to be left on standby. This alternative was discarded
in an attempt to create a set of alternatives that could all meet the required flows and this
alternative did not.
NP‐PS1 Alternative 10: Three Large Pumps
After reviewing the building setup, it was determined that perhaps the staircase leading into NP‐
PS1 could be moved in order to create more space. With this added space, it was felt that
perhaps the four existing pumps might be replaced with three much larger pumps. In this way,
the new pumps would be farther spaced than the existing pumps. When modeled, this method
proved to be sufficient, however, a pump vendor representative stated that he was unable to
determine the effects of two of these pumps together, so it was decided that this alternative
should be discarded.
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NP‐PS2 Alternative 1: Existing System
Existing system assumptions were as follows:






Activated pumps were assumed to be those creating the greatest amount of loss (i.e.,
those farthest from the exit). This was done to create the most conservative model.
The amount of flow handled by each individual pump is proportional to its horsepower
rating. While a more accurate model would have been iterative in this respect, it was
determined that an iterative model would take too long to create and would only be of
minimal use.
All pumps flowed at 885 rpm’s for the 60 hp pumps and 880 rpm’s for the 50 hp pumps.
These values were not varied.
Areas were calculated assuming that the pipes are always flowing full.

Other initial assumptions were made as follows:
US El. =
DS El. =
∆El. =
g=
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Alternative 1: One 60hp Pump Curves
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Alternative 1: One 50hp & One 60hp
Pump Curves
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Alternative 1: One 50hp & Two 60hp
Pump Curves
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NP‐PS2 Alternative 2: Four That squeeze
Alternative system assumptions were as follows:



Activated pumps were assumed to be those creating the greatest amount of loss (i.e.,
those farthest from the exit). This was done to create the most conservative model.
Areas were calculated assuming that the pipes are always flowing full.

Other initial assumptions were made as follows:
US El. =
DS El. =
∆El. =
g=
Din =
D1 =
D2 =
Dout =
Dmanifold =
Dpipe =
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Flow =
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Alternative 2 Pump Curves (NP‐PS2)

Axis Title

0

10

20

30

40

50

120

One 170hp Pump

100

Two 170hp Pumps

80

Three 170hp Pumps

60

Four 170hp Pumps

40

System Head One 170hp Pump

20

System Head Two 170hp Pumps

0
0

10000

20000

30000

Axis Title

40000

System Head Three 170hp Pumps
System Head Four 170hp Pumps

Alternative 2: One 170hp Pump Curve

Head (ft.)

0

3

6

Flow (gpm)
9 12 15 18 21 24 27

90
80
70
60
50
40
30
20
10
0

One 170hp Pump
System Head One 170hp
Pump

0

5000

10000

15000

20000

Flow (gpm)

110

Appendix D: Reviewed Alternatives

Alternative 2: Two 170hp Pump Curves
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Alternative 2: Four 170hp Pump Curves
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NP‐PS2 Alternative 3: Four That Squeeze
Alternative system assumptions were as follows:



Activated pumps were assumed to be those creating the greatest amount of loss (i.e.,
those farthest from the exit). This was done to create the most conservative model.
Areas were calculated assuming that the pipes are always flowing full.

Other initial assumptions were made as follows:
US El. =
DS El. =
∆El. =
g=
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Alternative 3: One 185hp Pump Curve
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Alternative 3: Four 185hp Pump Curves
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NP‐PS2 Alternative 4: Three Large Pumps System
Alternative system assumptions were as follows:



Activated pumps were assumed to be those creating the greatest amount of loss (i.e.,
those farthest from the exit). This was done to create the most conservative model.
Areas were calculated assuming that the pipes are always flowing full.

Other initial assumptions were made as follows:
US El. =
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∆El. =
g=
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Alternative 4: One 250hp Pump Curve
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Alternative 4: Three 250hp Pump Curves
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NP‐PS2 Alternative 5: Four That Fit (70hp)
Alternative system assumptions were as follows:



Activated pumps were assumed to be those creating the greatest amount of loss (i.e.,
those farthest from the exit). This was done to create the most conservative model.
Areas were calculated assuming that the pipes are always flowing full.

Other initial assumptions were made as follows:
US El. =
DS El. =
∆El. =
g=
Din =
D1 =
D2 =
Dout =
Dmanifold =
Dpipe =
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Alternative 5: One 85hp Pump Curve
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Alternative 5: Three 85hp Pump Curves
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NP‐PS2 Alternative 6: Four That Squeeze (60hp)
Alternative system assumptions were as follows:



Activated pumps were assumed to be those creating the greatest amount of loss (i.e.,
those farthest from the exit). This was done to create the most conservative model.
Areas were calculated assuming that the pipes are always flowing full.

Other initial assumptions were made as follows:
US El. =
DS El. =
∆El. =
g=
Din =
D1 =
D1out =
Dout =
Dmanifold =
Dpipe =
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Alternative 6: One 60hp Pump Curve
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Alternative 6: Four 60hp Pump Curves
Flow (mgd)

Head (ft.)

0

20

40

90
80
70
60
50
40
30
20
10
0

Four 60hp Pumps
System Head Four 60hp
Pumps

0

10000

20000

30000

40000

Flow (gpm)

Alternative 6: Three 60hp Pump Curves
0

10

Flow (mgd)
20
30

40

60

Head (ft.)

50
40

Three 60hp Pumps

30

System Head Three 60hp
Pumps

20
10
0
0

10000

20000

30000

Flow (gpm)

124

Appendix D: Reviewed Alternatives
NP‐PS2 Alternative 7: Replace 50 hp Pump
One method to increase flows was to simply replace the existing 50 hp pump and see whether
the three existing 60 hp pumps could handle the capacity while the new pump would remain as
a standby pump. The capacity achieved by this alternative was far below the required value.
This alternative was discarded in an attempt to create a set of alternatives that could all meet
the required flows and this alternative did not.
NP‐PS2 Alternative 8: Replace Two Pumps
Since a single pump could not increase flow enough, it was hoped that perhaps two could pump
the remaining amount. The capacity achieved by this alternative was below the required value
as well. This alternative was discarded in an attempt to create a set of alternatives that could all
meet the required flows and this alternative did not.
NP‐PS2 Alternative 9: Replace Three Pumps
The existing system uses three larger pumps and a smaller pump to handle lower flows. To
create a similar situation, three pumps would be replaced and a single 60 hp pump would be left
for the lower flows. The capacity achieved by this alternative was below the required value
since one of the larger pumps would need to be left on standby. This alternative was discarded
in an attempt to create a set of alternatives that could all meet the required flows and this
alternative did not.
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SP‐PS1 Alternative 1: Existing System
Initial assumptions were as follows:




Activated pumps were assumed to be those creating the greatest amount of loss (i.e.,
those farthest from the exit). This was done to create the most conservative model.
All pumps flowed at 1150 rpm’s and were not varied.
Areas were calculated assuming that the pipes are always flowing full.

Other initial assumptions were made as follows:
US El. =
DS El. =
∆El. =
g=
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SP‐PS1: Existing System Pump Curves
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SP‐PS1: Existing System Pump Curves
(Three Pumps)
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SP‐PS2 Alternative 1: Existing System
Initial assumptions were as follows:




Activated pumps were assumed to be those creating the greatest amount of loss (i.e.,
those farthest from the exit). This was done to create the most conservative model.
All pumps flowed at 1760 rpm’s and were not varied.
Areas were calculated assuming that the pipes are always flowing full.

Other initial assumptions were made as follows:
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∆El. =
g=
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SP‐PS2: Existing System Pump Curves
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SP‐PS2: Existing System Pump Curves
(Three Pumps)
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SP‐PS3 Alternative 1: Existing System
Initial assumptions were as follows:




Activated pumps were assumed to be those creating the greatest amount of loss (i.e.,
those farthest from the exit). This was done to create the most conservative model.
All pumps flowed at 1175 rpm’s and were not varied.
Areas were calculated assuming that the pipes are always flowing full.

Other initial assumptions were made as follows:
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SP‐PS3: Existing System Pump Curves
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SP‐PS3: Existing System Pump Curves
(Three 30hp Pumps)
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Appendix E: Cost Calculations
Although a hydraulic analysis showed which alternative could achieve the highest flow, the
factor that often controls the most is the amount that each alternative costs. An ideal hydraulic
solution may be found, but if the cost is too high, it becomes impractical and a less expensive
solution must be implemented.
Operating costs only include those costs which are associated with energy consumption. All
other O&M costs were covered in the maintenance costs and are bundled into a lump sum.
The operating costs were modeled three different ways so that a good comparison could be
made between them. First, a model was created to show what it would cost to run different
alternatives for an entire year. This would show what will cost more per minute to run. The
second method was to show the costs to pump an entire year’s volume of water. This would
help to show that, even though a pumping system might cost more per minute, they can do the
work quickly enough to make the time difference enough that the costs would become smaller
as well. Finally, the last method was to create a very basic diurnal pattern of flows with only
four flow values used over the time of day. The number of pumps was to operate at these
values was decided to be the smallest number of pumps capable of handling the entire flow,
even if that meant that the pumps would be far oversized. Although the VFD could not be
incorporated into this method, it would help to show a more realistic cost to run a variable
number of pumps for a year instead of running a set number of pumps. It was this method that
was used when calculating the 20‐year costs.
To calculate the cost of each alternative, power rates were taken from the current electric bills.
Because the rates vary throughout the year, a weighted average was taken for both the rate and
demand charges.
Efficiencies were used to find the amount of power that would have to be utilized by the pumps.
Although it is known that the demand charges are not controlled by any single process of the
plants, it was determined that the portion that the pumps contribute to the whole could be
found. For this calculation, it was assumed that, every month, all pumps (with the exclusion of
the one on standby), would activate at some point in the month and it would be this amount
that would be charged.
To determine the number of kwh that would be required for each alternative, average flows
were found for 2009 and a day containing these flows was reviewed. With this “average day”, a
simplified diurnal pattern was created. By determining the flows at each segment of time in this
pattern, the number of pumps needed to maintain those flows was found. The required kwh
were taken from this pattern and costs were then calculated from this new data. Because the
power costs of using a VFD were unavailable, it was assumed that the pumps would be left
running with a full load during each segment of time. Although this caused the power costs to
appear higher than they actually are, it was decided that it would be close enough for the
comparison of alternatives that this difference would be insignificant.
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Summary of Costs: North Plant
NP‐PS1
Installation
Alternative 1: Existing
System
Alternative 2:
Four That Fit
Alternative 3:
Four That Squeeze
Alternative 4:
Five Pump System
Alternative 5:
Four That Fit (70 hp)
Alternative 6:
Four That Squeeze (60
hp)

Operating
(Annual / 20‐Yr.)

Maintenance
(Annual / 20‐Yr.)

Total Costs

$38,841.62
$577,865.25

$7,500.00
$111,581.06

$689,446.31

$316,502.00

$68,372.24
$1,017,206.34

$8,190.00
$121,846.52

$1,455,554.86

$476,100.00

$60,901.24
$906,056.74

$8,190.00
$121,846.52

$1,504,003.26

$137,139.00

$49,198.99
$731,956.68

$10,237.50
$152,308.15

$1,021,403.83

$267,720.00

$50,658.23
$753,666.50

$8,190.00
$121,846.52

$1,143,233.02

$454,986.00

$42,642.18
$634,407.90

$8,190.00
$121,846.52

$1,211,240.42

NA

NP‐PS2
Installation
Alternative 1: Existing
System
Alternative 2:
Four That Fit
Alternative 3:
Four That Squeeze
Alternative 4:
Three Large Pumps
Alternative 5:
Four That Fit (70 hp)
Alternative 6:
Four That Squeeze (60
hp)

Operating
(Annual / 20‐Yr.)

Maintenance
(Annual / 20‐Yr.)

Total Costs

NA

$31,940.93
$475,200.32

$7,500.00
$111,581.06

$586,781.38

$529,574.00

$41,921.12
$623,680.44

$8,190.00
$121,846.52

$1,275,100.96

$625,070.00

$60,132.76
$894,623.59

$8,190.00
$121,846.52

$1,641,540.11

$494,523.00

$76,213.97
$1,133,871.49

$6,142.50
$91,384.89

$1,719,779.38

$261,716.00

$50,839.80
$756,367.91

$8,190.00
$121,846.52

$1,139,930.43

$454,986.00

$26,428.32
$393,186.66

$8,190.00
$121,846.52

$970,019.18
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Appendix F: Miscellaneous

Pen charts for the north plant showing influent and effluent flows (top) and recirculated flow
(bottom). These charts are typical of the data that was reviewed.
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The following pages contain the various drawings and plans that were used to create the model
and define the layout of the existing stations.
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South Plant .pdf Files
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